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1.0 INTRODUCTION 

l k s  document prescribes the methodology for conducting the Human Health fisk 
Assessment (HHRA) porbon of Baseline Rnk Assessment (BRA) for the Rocky Flats 

Enwonmental Technology Site (RFETS). The HHRA, coupled with the Enwonmental 

Evaluabon @E), compnses a BRA. Per the reqmments of the Interagency Agreement (IAG) 

(1991) among the U.S. Department of Energy (DOE), U.S Enwonmental Protection Agency 

(EPA), and the State of Colorado, BRAS are performed for each of the Operable Units (OUs) 

defined in the agreement. 

1.1 Purpose 

The purpose of th~s HHRA methodology is to d m t  nsk assessors for RFETS to relevant 

documents and site-specific agency agreements to produce HHRAs that are acceptable to both 

the EPA and the State of Colorado. The State of Colorado is represented by the Colorado 

Department of Pubhc Health and Enmnment (CDPHE). To acheve thls purpose, it is 

necessary to understand the purpose of an HHRA. 

The purpose of the HHRA is to develop a quanhtative descnption and assessment of the nsk 
to the public posed by the contarmnants of concern (COCs) at an OU Specifically, goals of the 

HHRA include providmg: 

An analysls of baseline nsks to help deterrmne the need for achon at sites 

A basis for detemmng levels of contarmnants that can remam onsite and stdl be 
adequately proteztwe of pubhc health 

A basis for companng potend health impacts of vanous remedial alternames 

A consistent process for evaluatmg and documentmg nsks to public health 

Information for effective nsk management 
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1.2 scope 

The scope of this document is to summame key secbons of exlshng agency guidance, and 

integrate WETS-specific documents and agency agreements mto published agency guidance 

Current EPA guidance for nsk assessment, hsk Assessment Guidance for Supefind (RAGS) 

@PA, 1989a), encompasses the full spectrum of situabons that may be encountered at Superfund 

sites As a result, it is wntten 111 general terms. This HHRA methodology reviews some of the 

key secbons that directly apply to WETS, and refers the reader to RAGS for addibonal 

background 

In addihon to RAGS, several nsk assessment topics have been the subject of discussion and 

agreement among DOE, EPA, and CDPHE Where appropnate, thls document references or 

summarues exisbng DOE, EPA, and CDPHE documents or agreements. Figure 1-1 dlustrates 

the WETS HHRA methodology specified in the DOE, EPA, and CDPHE agreements 

References to relevant secbons of thls document are also provided Supportmg matenal for 

conducbng specific steps of nsk assessment has been developed at WETS and are referenced 

or summanzed m thls methodology. In adhbon, example text or table shells are provided to 

guide the nsk assessor rn documenbng the HHRA. Rsk assessors for each OU must ensure that 

the content of the HHRA sabsfies the OU-specific objechves. 

1.3 Rocky Flats Environmental Technology Site Information 

General informabon about WETS that is relevant to an HHRA includes the site history, 

the regulatory framework, and a physical descnpbon of the site Each of these topics are 

discussed in the followmg subsecbons. OU-specific mformahon may be found in detatl in the 

individual OU Workplans and the first few sechons of the Remedial Invesbgabon/Resource 
Conservabon and Recovery Act (RCRA) Fachty Invesbgabon (RI/RFI) report This 

information may be summanzed from the RUWI report and included in the HHRA to allow it 

to be a "stand alone" document. References can direct the reader to the source document for 

further detad 
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Figure 1-1, HHRA METHODOLOGY 

EVALUATE DATA 
Data Needs 
Data Requirements 
Data Set Generation 

(Section 2 0)  

Identdy PCOCs via Apply CDPHE 

(Section 4 0 )  
Identify COCs 4=- Background Cornpanson Consenratwe Screening 

(Section 3 2 - 3 6) (Section 3 1) 
1 I I 

Develop and 
Submit COC 

TM 
(Section 3 7)  

Develop and Submit 
Exposure Scenanos 
and EATM (including 

grid placement) 
(Section 5.2 - 5 6) 

Develop and Submit 
Descriptton of Fate 

and Transport 
Modeling TM 

(Section 5 7 - 5 9) 

Conduct Exposure 
Assessment Within AOC 

(Section 5 10) 

Conduct Toxiclty 
Assessment 
(Section 6 0) 

Conduct Risk 
Characteruation 

(Section 7 0) 

Document and Submit 
HHRA in BRA 

Background Analysis/ 
Delineate Source Areas 

(Section 4 1,4 2) 

Calculate Ratlo Sum 
(Sectton 4 3) 

Apply Decwon Critena 
1 (Section 4 4) 

I 
Ratio Sum 2 100 1 < Ratio Sum < 100 Ratio Sum : 

AOC = Area of Concern 
EATM = Exposure Assessment Technlcal Memorandum 
PCOC = Potential Contaminant of Concern 
TM = Technlcal Memorandum 

1-3 



DRAFT 

The informabon presented m Secbons 1 3 1 through 1.3 3 bnefly descnbes the WETS It may 

be used as an example of summary matenal in the HHRA 

1.3.1 Site History 

WETS is a government-owned, contractor-operated fachty, and was part of the nabon- 

wide nuclear weapons producbon complex The hlstoncal mssion of WETS was to fabncate 

nuclear weapons components from plutomum, uraxuum, and nonradioacbve metals (pnncipally 

berylhum and stamless steel) Addibonally, the facdity reprocessed plutonium that was removed 

from obsolete weapons Both radioactive and nonradioacbve wastes were generated at the plant 

Present waste-handling practices mvolve recychng of hazardous matenals, on-site storage of 
hazardous, radioacbve, and med wastes, as well as off-site disposal of radioacbve matenals 

Preliminary assessments under the Enwonmental Restorabon (ER) Program idenbfied some of 

the past on-site storage and disposal locabons as potenbal sources of environmental 

contaminabon These locabons are considered OUs under the IAG. 

WETS’ new mission IS envlronmental restorabon and waste management The activibes 

underway at WETS are consistent with the down-smng and consohdabon of the DOE weapons 

complex A transibon team consisbng of EG&G Rocky Flats, Inc (EG&G) and DOE personnel 

is leading these efforts 

The WETS ER Program is part of the nabonal DOE ER Program, which was established 

to remediate inacbve waste sites at DOE fachbes. The DOE ER Program is mandated to 

remediate waste sites m comphance wlth envlronmental laws and regulabons, while minimizing 

impacts to human health and the environment. Specifically, the program mcludes site 

idenbficabon and charactenzabon, remedial design and remedial acbon, and post-closure 

acbvihes such as monitonng and field inspecbons at inacbve radioacbve, hazardous, and mixed- 

waste sites 
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1.3.2 Regulatory Framework 

Remediabon of DOE sites must be performed m comphance with applicable federal and 

state environmental laws and regulatrons. Before the enactment of current federal environmental 
legislabon, DOE managed waste storage and disposal under requirements established by 

authonty of the Atomc Energy Act. In response to subsequent regulabons, DOE established 
programs to comply wth envrronmental laws relevant to (1) generabon, treatment, storage, 

disposal, and transportabon of wastes produced m operatmg facilibes and (2) contaminant 

charactenzabon and cleanup at macbve waste sites 

The pnncipal regulatory requmments for remedial actions are those denved from the 
RCRA and the Comprehenslve Envxonmental Response, Compensabon, and Liability Act 
(CERCLA) These federal statutes reqm that hazardous-waste sites and hazardous-substance 

spills and releases be mvesbgated, charactenzed, and cleaned up CERCLA and RCRA contam 

parallel guidance for the sequence of clean-up actrvibes The germane component of the 

CERCLA process is the RVFS; the germane component of the RCRA process is the RCRA 

Facility Invesbgabon/Correctwe Measures Study (RFVCMS) 

The DOE is currently perfomung both CERCLA and RCRA actiwhes at WETS, therefore, 

both RI/FS and WI/CMS actunties are bemg conducted. To estabhsh a common basis of 

understanding and to mtegrate the requirements of federal regulators with those of the CDPHE, 

the IAG was negobated among the DOE, EPA, and CDPHE and signed on January 22, 1991 

The IAG estabhshes legally enforceable fiamework to coordmate clean-up and oversight efforts, 

and to standardize requirements The IAG estabhshes specific mllestones and hme frames for 

remedial acbons The IAG establishes the parameters for cleanup of potenhal radioactwe, 

hazardous, and rmxed-waste contaminabon resulbng from past 

operahons at WETS. 

For IAG implementabon, Indivldual Hazardous Substance Sites (IHSSs) were xdenhfied, 

aggregated into OUs, and pnonbzed. The pnonbes for WETS OUs were established through 
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the IAG Assessment, characternabon, and remedial acbvibes for IHSSs are conducted for each 
OU The OUs form the basis for pl-g, scheduhng, budgebng, and pnontizing 

environmental restorabon acbvibes The IAG contams specific requirements for the 

environmental invesbgabon and cleanup of WETS. Paragraph VII D 1 of the statement of work 

of the IAG sbpulates the requuements for conductmg an HHRA at each OU To inibate the 

"FW, DOE is re!quued to submt the followmg TM for each OU* (1) Idenbficabon of COCs, 

(2) Descnpbon of Exposure Scenanos and Exposure Assumpbons, (3) Descnpbon of Fate and 

Transport Models, and (4) Toxlcity Assessment for COCs 

1.3.3 Physical Description 

Secbons 1 3.3.1 through 1 3.3.5 summame physical properbes of the WETS. 

WETS is located m northern Jefferson County, approxlmately 26 lalometers (km), [16 
miles (mi)] northwest of Denver. Other nearby cibes mclude Boulder, Broomfield, Westminster, 

and Arvada, whch am located less than 16 km (lo rm) to the northwest, east, southeast, and 

south respecbvely The site consists of approxlrnately 2,630 hectares (6,500 acres) of federally 

owned land in Secbons 1 through 4 and 9 through 15 of Townshp 2 South, Range 70 West 

Major buildmgs are located withm the RFETS secunty area, which encompasses approximately 

162 hectares (400 acres). A buffer zone of apprommately 2,490 hectares (6,150 acres) 

surrounds the secured area 

1.3.3.1 Topography - The natural envnonment of WETS and vicinity is influenced 

pnmanly by its proxlmity to the Front Range of the Rocky Mountams WETS is directly east 

of the north-south trendmg Front Range, and is located about 26 km (16 mi) east of the 

Conbnental Divide at an elevabon of approximately 1,830 meters (m) [6,000 feet (ft) above 

mean sea level RFETS is located on a broad, eastward slopmg plm of coalescing alluvial fans 

developed along the Front Range. The h s  extend about 8 km (5 mi) in an eastward direcoon 

from then ongin at Coal Creek Canyon and terminate on the east at a break in slope to low 
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rolling hills. The operahonal area at the WETS is located near the eastern edge of the fans on 

a terrace between stream-cut valleys (North Walnut Creek and Woman Creek) 

1.3.3.2 Geology - Geologic units beneath WETS consist of unconsolidated surficial units 

of Quaternary age (Rocky Flats Alluwum, various terrace alluvia, valley fill alluvium, and 

colluwum), whch unconformably overhe Cretaceous-aged bedrock (Arapahoe Formahon, 

Laranue Formahon, and Fox Hdls Sandstone) Thls geologic sequence forms part of a 

monochnal fold whose western edge is composed of uplifted strata of Mesozoic age that become 

younger to the east. 

1.3.3.3 Hydrology - Groundwater may be present in the unconsolidated surficial matenal, 

consisting of the Rocky Flats Alluvium, colluvial matenal, and the valley fill alluvium 

Groundwater is also inferred to occur locally m the upper porhon [i e , 0 to 7.6 m (0 to 25 ft)] 

of the Lamme claystone bedrock These umts contsun unconfined groundwater and compnse 

the upper hydrostrahgraphc umt (UHSU). Confined groundwater occurs in deeper [ > 7  6 m 
(25 ft)] bedrock sandstones and claystones of the upper Laramie Formahon This bedrock unit 

is labeled the lower hydrostrabgraphc umt (LHSU) 

Pomons of the WETS UHSU are only seasonally wet, and contam groundwater only in 

Groundwater levels across the site are the spnng months when there is hgh precipitahon 

higher in spnng than m the remamder of the year 

Recharge to the UHSU is pnmanly through infiltrahon of precipitahon, which ranges from 

0 05 m (2 in) per hour for inihal infiltrahon, to 0 025 m (0 5 in) per hour for final (saturated) 

infiltrahon Localized sources of recharge may also occur, such as seepage from the Rocky 
Flats Alluvium to colluvial matenals Discharge occurs largely through evapotranspirahon and 

discharge by seeps to surface water umts such as the three Senes of ponds, Woman Creek, 

Walnut Creek, Rock Creek, the South Interceptor Ditch, and the French D m  
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Three intemttent streams dram RFETS, wth flow generally from west to east These 

dramages are Rock Creek, Walnut Creek, and Woman Creek Rock Creek dmns the 

northwestern corner of the WETS and flows northeast through the buffer zone to its off-site 

confluence with Coal Creek. An east-west trendmg mterfluve separates the Walnut Creek and 

Woman Creek dramages North and South Walnut Creeks and an unnamed tnbutary dram the 

northern pornon of the RFETS secunty area. These three forks of Walnut Creek join in the 

buffer zone and flow toward Great Western Reservo~r, whch is approximately 1 6 km (1 mi) 
east of the confluence However, this flow is routed around Great Western Reservoir by the 

Broomfield Diversion Canal, whch is operated by the City of Broomfield Woman Creek dmns 

the southern RFETS buffer zone flowmg eastward. The Woman Creek flow is diverted onsite 

to Mower Reservor vlii the Mower Ditch The South Interceptor Ditch lies between WETS 

and Woman Creek The South Interceptor Ditch collects runoff from the southern RFETS 

secunty area and diverts it to Pond C-2 where it is momtored, treated, and then pumped to the 

Walnut Creek watershed where it is released to the Broomfield Diversion Canal 

1.3.3.4 Climate and Meteorology - The WETS area has a semi-and climate and receives 
about 0.3 m (15 m) of annual precipitabon, 40 percent of which falls in the spring 

Thunderstorms from June to August contnbute approxlmately 30 percent of the annual 

precipitabon Snowfall averages 2 1 m (85 m) per year. Temperatures are moderate, ranging 

from 13 to 30" Celcius (C) [55 to 85" Fahrenheit (F)] in the summer and 20 to 45" F in winter 

The average relatwe humdity is 46 percent Wmds at WETS are predomnantly from the 

northwest 

1.3.3.5 Flora and Fauna - The majonty of the plant species at WETS contnbuting to the 

terrestnal commumbes belong to two groups - vascular cryptogams (1 e , spore producing 

plants) and vascular plants Grassland habitats are dominant, representmg about 82 percent of 

the total area. Nine percent of the area is either developed or disturbed Marsh habitats occupy 

4 percent, woodland habitat consWutes 4 percent, and shrub habitats account for the remaning 

area Wildlife species are typical of those in similar habitats throughout the foothills area In 

several regions of the buffer zone, FVeble's meadow jumprng mouse has been observed If 
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declared threatened and endangered, thls could impact the hkelihood of cemn HHRA exposure 
scenanos, such as the on-site residenbal and the rrrrmng scenanos 

As a result of lirmted and mconsistent surface water supphes, aquahc species with short life 
cycles and smaller habitat requlrements, such as benhc macrornvertebrates, have developed 

more diverse cornmurubes than fish 

1.4 HHRA Methodology Organization 

This document is o r g d  into the followmg secbons, wluch together represent the 
components of the DOE, EPA, and CDPKE agreements mtegrated with the tradibonal 
CERCLA/RCRA "RA methodology. 

DataEvaluabon 
Idenbficabon of COCs 

Exposure Assessment 
Toxicity Assessment 
Rtsk Charactenzabon 
"RA Report. 

CDPHE Consewatwe Screen of PCOCs 
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2.0 DATA EVALUATION 

The first step ln the methodology for HHRAs at RFETS is data evaluatton. Components 
of data evaluation mclude identlficahon of data needs and data requirements pnor to data 
collechon and the subsequent generahon of a usable data set for the "RA These components 
are discussed m the followmg sechons. 

2.1 Data Needs Identification 

Idenhfymg data needs specifically for the HHRA is one component of overall RYFS 

p l m n g .  The defhtion of HHRA data needs is lntegrated with the defirubon of data quallty 

objechves (DQOs) for the RVFS. Data for each of the major components of the "RA are 
needed to adequately assess the current and future nsk posed by a site However, because the 
data input to site charactenzahon and the exposure assessment are slte specific (1 e., are unique 
to the contarmnants and physical charactenshcs of a site), emphasis dunng the planning stages 
is on these components. Data needs associated with the toncity assessment and nsk 
charactemahon are assessed after the site charactemahon is complete and 111 parallel with the 
exposure assessment. Data for the toxicity assessment typically consists of EPA-denved toxlcity 
constants and unmrtamty factors. 

This sechon discusses the data needs relevant to the components of the "RA process 

Addihonal instruchon is provided in Guidance for Data Useability in Risk Assessment, (Parts 

A andB), @PA, 1992a) and RAGS, @PA, 1989a) as well as 

Guidance for Planning for Data COkhOn in Suppon of Enwonmental Decision-Makmg 
Using the Data Quality ObjeChVeS Process, @PA, 1994a) 

Ora3 WETS Data Management Plan for ER Management (EG&G, 1994a) 

Rocky Flats Plant Site-Wide Quality Assurance Project Plan for CERCLA RI/FS and 
RCRA RFUCMS Achvrtres (EG&G, 1991) 
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Data needs for site charactenzabon, exposure assessment, toxicity assessment, and nsk 

charactenzahon are discussed in the following subsecbons 

2.1.1 Site Characterization Data 

Data collected to support site charactenzation are used in the RI/FS/Remedial 

DesigdRemedial Acbon process; thus the development of HHRA data requirements parallels the 

data requlrements to meet the DQOs For HHRA purposes, the output of the site 

charactenzabon is measured or modeled concentrabons of contaminants in each of the source 

areas (i.e., IHSSs) and media of concern Data needs are formulated in terms of charactenzing 

the source-pathway-receptor. Generally data used for the HHRA mclude charactenzabon of 

The source of contaminabon 

The extent of contaminabon in each medium potenhally affected 

The potentially affected media wth which a current or future receptor may come in 

contact 

Dependmg on the d e w  of source charactenzabon data avadable m histoncal informahon 

(e g , disposal records, prevlous mvesbgabons, removal records), the source charactensbcs may 

be well known or mterpolated The Hzstoncal Releuse Report (DOE, 1992) documents an 

extensive effort to gather informabon at the IHSS level for use in determining the potenbal 

source charactenstlcs. The need for addibonal source charactenzabon is determined dunng 

project scoping and, if addibonal charactemahon is conducted, should include an analyte suite 

which encompasses the hst of chemicals of potenbal concern and transformahon products for 

those chermcals 

As discussed in Sechons 4 0 and 5 0, the contaminant concentrahon distnbutions will be 

used to delineate source areas and areas of concern at the OU level Charactenzahon of the 

extent of contaminabon encompasses contaminant concentrabon distnbutions within the IHSSs 

and those contaminants that have potenbally migrated outside of the IHSSs Fate and transport 

modeling can be used to predict concentrahons that may effect future receptors For the FU as 
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well as the HHRA, all media presenhng a potenhal exposure route or transport mechanism 

should be charactenzed for the chemicals suspected in the source This charactenzabon allows 

the development of the conceptual site model The number and locahons of samples included 

in the "RA allows for charactenzabon of. 

e 

e 

e 

e 

e 

e 

2.1.2 

Stabsbcal comparison wth background concentrabons for each medium of concern 

Stabsbcal distnbubons of contarmnant concentrabons for each medium of concern 

Contaminant levels that can be compared to nsk-based concentrabons 

All potenbal exposure points wthin each medium @e., source area and area of concern 
delineabon) 

Ahgrabon to potenbal exposure points mcluding input data for fate and transport models 

Potenbal exposures based on possible future land uses 

Exposure Assessment Data 

The exposure assessment uses the site charactenzabon data to esbmate exposure-point 

concentrabons for each medium of concern and area of concern. Via conceptual model 

development and fate and transport modehg, exposure-pomt esbmates can be calculated for 

future receptors. Data needs for the exposure assessment are summanzed as follows 

Contaminant release rates from the source (either known or modeled) 

Physical, chemical, and biolognl parameters for evaluabng transport and transformation 
of site-related chemcals 

Parameters to charactenze receptors according to their activity, behavior, and sensitivity 

Estimates of exposure concentrabons for COCs, environmental media, and receptors at 
nsk 

Eshmates of chemical intake or dose for receptors via all exposure pathways and in 

exposure areas 
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2.1.3 Toxicity Assessment Data 

As indicated in Secbon 2 1 ,  the data for toxicity assessment typically consists of EPA- 

denved informatton regarding the potenbal for partxular contaminants to cause adverse health 

effects In a toxicity assessment, data are collected from acceptable sources of informabon 

Toxicity assessments are procedural and include the followng steps. 

1 Gather qualitatwe and quanutatwe toxicity informabon for contaminants of concern 
2 Determine toxlcity values for noncarcmogenic effects 
3 Detemne toxicity values for carcinogenic effects 
4 Summanze the toxicity informabon 

Data required for the toxicity assessment include 

Toxicity values for all chemicals and exposure pathways 

Uncertamty factors and confidence measures for reference doses (RfDs) and weight-of- 
evidence classificabons for cancer slope factors (CSF) 

2.1.4 Risk Characterization Data 

The nsk charactenzabon is an integral component of the HHRA that combines the output 

of the exposure assessment and toxicity assessment to mterpret, present, and quanbfy the results 

of the HHRA Because of this output, specific data needs for nsk charactenzahon are similar 

to data needs previously idenbfied 

2.2 Data Quality Objectives Development 

The development of DQOs idenbfies the data requirements for the HHRA As a follow-up 

to DQO development, data quality should be assessed to confirm that the required data have 

been collected The following secbons discuss DQO development and data quality assessment 
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2.2.1 Data Quality Objectives 

DQOs greatly affect the HHRA because DQO development guides the overall site 

charactenzabon strategy and presents qualmwe and quanbtatwe goals for data quality and, 

subsequently, data useabllity Because the HHRA results are one of the key inputs to decisions 

regardmg the status of a site (i.e., no remedial acbon versus remedial action), the HHRA site 

charactenzabon data needs (Secbon 2.1 1) are mtegral to the development of DQOs DQO 

development involves the definibon of those needs and the types of data required to meet those 

needs 

DQO development at WETS is detiuled m the Rocky Flats Plant Site-Wide Quality 

Assurance Project Plan for CERCZA RI/FS and RCRA RFI/CMS Activities, (EG&G, 1991) 

EPA guidance emphasizes a seven-step problem-solvmg procedure as outlined in the Data 

Quality Objecnves Process, (EPA, 1994a) Thls procedure is shown in Figure 2-1 Although 

DQO development is sequenbal, it is also iterabve. The outputs from one step may influence 

pnor steps and cause them to be redefined. The goal of DQO development is to ophmize data 

collechon The Guidance for Data Useability in Risk Assessment, Parts A and B, (EPA, 1992a) 

also contams detaled informahon on data collecbon for nsk assessment 

To adequately charactenze contaminant concentrabons, the analyhcal suite and each media 

of concern (1 e , data types) may differ By evaluatmg exisbng data and the site charactenzabon 

on a data-type-specific basis, the collecbon strategy is more manageable and representawe of 

the actual data needs 

2.2.2 Data Quality Assessment 

Data quality assessment, as defined in the Drafr WETS Data Management Plan for ER 

Management (EG&G, 1994), I' uses validated data to evaluate environmental condihons with 

identifiable levels of confidence I' The assessment considers vanability from all sources across 

sampling and analysis and as specific to the site-specific DQOs Measurement data is assessed 

for adequacy according to intended use by companng the data with acceptance cntena 
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I 

7 STEP DQO PROCESS 

STATE THE PROBLEM 

IDENTIFY THE DECISION 

IDENTIFY INPUTS TO THE DECISION 

DEFINE THE STUDY BOUNDARIES 

DEVELOP A DECISION RULE 

SPECIFY LIMITS ON DECISION ERRORS 
4 4  

OPTIMIZE THE DESIGN FOR OBTAINING DATA 

Figure 2-1. Seven-Step DQO Process (EPA, 1994a) 
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Components of the data quality assessment include data validabon and data useability discussed 

in the followng subsecbons. 

2.2.2.1 Data Validation - Generally, analyhcal data (or a representative subset) used in 

the HHRA should be validated to assess the effect of quahty-control issues on data useability in 

the HHRA @PA, 1989a). At present, all analyt~cal data generated for the WETS ER Program 

is validated by an mdependent contractor per EPA Contract Laboratory Program (CLP) Nahonal 

Functional Guidelines for Inorganic and Organic Data Review P A ,  1988a and EPA, 1988b), 

and Radiochemical Data Validanon Guidelines (EG&G, 1994) The data validahon process is 

detaled in the DraJt W2?7S Data Management Plan for ER Management (EG&G, 1994a) and 

the ER QAPJP (EG&G, 1991) A hstmg of validahon Standard Operabng Procedures (SOPS) 

is in the QAPJP (EG&G, 1991) 

The ER Program mcludes the following three classes of data quality 

"V"-Vahd and usable wthout quahficabon 
"A"-Acceptable for use with qualificaQon(s) 
"R"-Rejected (unacceptable) 

Valid data meet the following Objecbve standards, where applicable 

*1 Analybcal methods are followed 
2 Acceptance cntena are achleved 
3 

*4 QC hmits are achieved 
*5 
*6 
7 

Sufficient number and type of quality control (QC) samples are analyzed 

Compounds and analytes are correctly idenbfied 
Equipmentlinstrumenta~on calibrabon cntena are achieved 
Sample holdmg bmes are met 

* Pnmary validabon cntena 

Data that are acceptable with qualificabon meet most, but not all, of these standards At 

a minimum, all of the pnmary validabon cntena are achieved within acceptable limits Only 
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data quahfied "V", valid or "A", acceptable will be used in data analysis Data that have not 

yet been validated may be used on an mtenm basis Rejected data that fad to meet pnmary 

validahon cntena will not be used in HHRAs 

Table 2- 1 illustrates the laboratory qualifiers and definihons encountered when using site 

charactenzabon data along with the meanmg and recommended use for the HHRA Table 2-2 

presents the validahon codes for WETS ER Program data 

2.2.2.2 Data Useability - Guidance for Data Useability in Risk Assessment, Parts A and 

B,  (EPA, 1992a) provides guidance on assessmg data useabllity This guidance recommends six 

usability cntena 

Datasources 
Documentabon 
Analybcal methods and detecbon hmits 
Data quallty indicators 
Data review 
Reports from samplmg and analysis to the nsk assessor 

The Drafl WETS ER Program Data Management Plan (EG&G, 1994) states that data 

usability is assessed by performing a comprehensive evaluabon of data for conformance to the 

DQOs and to the sensihwty, precision, accuracy, representabveness, completeness, and 

comparability (SPARCC) parameters Administrabve Procedure Number 2-G32-ER-ADM- 

08 02, Evaluanon of EX Data for Useability in Final Reports (EG&G, 1994c), detsuls the 

assessment of SPARCC parameter This procedure addresses issues such as field duplicates, tnp 

blanks, and equipment reinstates, the procedure also incorporates the assessment of laboratory 

validation and field quality control (QC) samples to establish overall data usability or adequacy 

2.3 Data Set Generation 

Data sets generated from WEDS output require "cleanup" and treatment pnor to use in the 

HHRA The data-set-generaQon steps are descnbed in the following sections 
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Table 2-1 
Result Qualifiers for m S  ER Program Data 

Result Qualifiers 

inorgarucs correlation coefficient for MSA is C 
0 995 (estimated value) 

inorgarucs duplicate analysis not wttim control Y e s  Y e s  
l m t s  (estimated value) 

organics mdicates a TIC as a suspected aldol 
condensahon product 

yes, but 
remove to TIC 

table 

no 

orgarucs warns that analyte was also detected m Y e s  Y e s  
blank 

inorgarucs reported values are less than CRDL Yes Yes 
but greater than IDL 

radionuclides (rads) conshtuent also detected m Y e s  Y e s  
associated blank, where concentration m blank 
was > CRDL or > m u m  detectable activity 
(MDA) (estmated value) 

orgarucs pesticide d t  confirmed by GCMS I Y e s  I Y e s  

rads presence of lugh TDS m sample lacreased Y e s  Yes 
the MDA 

orgarucs identified m an analysis at a secondary 
dilution 

orgarucs compound exceeded calibration range of no no 
mstmment, use dilution analysis result for tlus 
analyte, not tlus Equalified result 

inorgarucs value estimated due to mterference ! Y e s  ! Y e s  

rads for alpha spectmmetry--FWHM exceeded Y e s  Yes 
acceptable l imb  (estimated value) 

total orgaruc carbon (TOC) dilution result I Y e s  I Y e  
exceeded range of mstmment (estimated value) I I 
rads sample analysis performed outside of 
method (suecified maximum hold) 
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orgmcs mterfercnce with target peak (estimated 

orgmcs result below detection limt and analyte 

value) 

detected m lab blank 

Y e s  

Y e s  

J organics MS data mdicate presence of compound Y e s  Y e s  
but below detechon l m t  (estmated value) 

L 

+le analysis not w i t h  control limts 
(estimated value) 

undefined no no 

N 

N* 

inorgmcs splked sample recovery not withm Y e s  Y e s  

inorganics. splkcd sample recovery and duplicate Y- Y e s  

control l m t s  (estimated value) 

analysis not w i t h  control limts (estimated 
value) 

inorgmcs: the reported value d e t e m e d  by the 
method of standard additions 

Yes  Y e s  

uc 

UJ 

UN 

orgmcs pesticide result confirmed but below Y e s  no 
detection l m t  

organics analyte analyzed below detection hrmt Y* no 

orgmcs compound presumed present but below Y e s  no 
detection h t  

Table 2-1 
(continued) 

Detected? 
mt91 OUaIlfier 

I 

JB no 

11 Delete? I inorganics value greater than IDL but control Y e s  I Y e s  

I no 
yes, but 

remove to TIC 
organics compound prwum.d present ("IC) 

I I table I 

validation code for ~ j e ~ t e d  data accidentally I e n t e d  m lab a d f i e r  field (unusable data) I1 no no 

organics and inorganics analyte analyzed below II I detection hmt  
no 

~ 

no iorgmcs spdced sample recovezy analysis not 
w i t h  control lmts and sample nsult below 
detection hmt  

UN 

uw inorgarucs postdigestion spdce for graphte 
furnace atomc absorption (GFAA) analysis is out 
of control limts and sample result is below 
detection limt 

no 
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Qualifier 

ux 

Table 2-1 
(conhnued) 

Definition 

malvte dewndent. see note 

v 

W 

X 

validahon code for valid data accidentally entered 
mto labquahfier field 

inorganics postdigeshon spdce for GFAA 
analysis i s  out of control limts wMe sample 
absorbance C 50% of spdce absorbance 

organics (pre-1992) lab software flag (combmes 
mom than one q d f i e r ,  not defined) 

inorganics (p-1992) detection h u t  greater than 
normal. mlke matnx mterference 

X 

Include in 
Data Analysis 

Y e 9  

other (OU7 RFURI samples) d t  by 
calculahon defined m general radmchemstry and 
routme analyt~cal services protocol (GRRASP) 

no, unless 
accompmed 

by a validated 
nsult 

Yes 

Y rads chemcal yield exceeded acceptable h t s  
(eshmated value) 

Yes 

Detected? 
@lit') 

no 

no, unless 

by a vahdattd 
result 

Yes 

accompmed 

NOTE The use of X quahfiers M defined rn the GRRASP as a result dezenmned by dcula&on, not by k t  
laboratory analym Therefore, for samples analyzed dunng the p o d  that the GRRASP has been m effect (mce 
January 1992), the results wed by an X wdl be treated as eirbrmted vduw (smnlu to J) For hudonc data, 
when the GRRASP was not used by laboratones, UI X quacr has two & ! ~ ~ I o M  For orguncs, the X M a flag 
entered manually by the laborabq, but M not &fined m Rocky Flats enw0nment.l bbb.se system (RFEDS) 
Therefore, orgunc results surllfied by X are not comdcrcd usable data, unless a vddatcd result IS gwen For 
morgamcs, an X qu;rltfiet mQccatca that the &rectaon h u t  for the analytc IS hgher than normal due to mrtnx 
lntcrference Inorguncs quahtied wnth UI X wrll be treated hke a J result The X qurrlrfier M rrlso used wth other 
quahfiers (1 e ,  UX, XI), m these cases, the mcMng of X depends on the d y t c  and the date of the analysls 

Source M A Siders, EG&G Interoffice Comspondence MAS 001-94, "Practical SU~~CS~IOM for Users of 
WEDS Data," Apnl5, 1994 update 
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Table 2-2 
Validation Codes for RFETS ER Program Data 

M i b o n  

estimated result (occurs 
m hstoncal data only) 

acceptable result 

acceptable result for 
estimated value 
(occurs m hstoncal 
dataonly) Note 

"U" but havmg 
vali&on code of "JA" 
are still nondetects 

P 

these data qualified Wlth 

I 

Include in Data 
analysis 

I 

Detected? Wt3)  

rerected result I IlO I no 

valid result YM Y e s  

not yet val~dated, Y e s  Yes 
validation m progress 

validation not required I Y e s  Y e s  

Source M A Siders. E C t G  Interoffice CorrespondmceMAS 001-94, "Fhct~cal Suggestions for Users of WEDS Data," Apnl 
5, 1994 update 
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2.3.1 Data Cleanup 

The "data cleanup" of WEDS output is a task to make the data consistent The process as 

provided in a memorandum from M Siders regarding Pracbcal Suggesbons for Users of WEDS 

Data, Apnl5, 1994 and detailed m Appendix A, consists of a Senes of steps which includes 

Standardizabon of units 

Standardnabon of geologic codes 

Standardmhon of locahons if the locatlon designabon has changed over bme 

Standardnabon of analyte names (usage has changed over the years) 

Delehon of blank "form-generated" records for whch no results are given 

Exclusion of QC data from the worlang data set 

Removal of any rejected data (Validatton code = "R") 

Replacement of non-vahdated records with corresponding validated records (if avadable) 

Correcbon of mcorrect units (e g., pH should have "PH" as the unit, not "MG/L" as the 
umt) 

Treatment of DUP/REAL pam 

Appropnate use of dlluted @a) results 

Outlier analysis 

Data Treatment 

The manner in which analwcal results are classified as non-detects is dependent upon the 

analyte group Table 2-1 provides informabon relabng to the use of result qualifiers in 

determining how and in what capacity the qualified point should be used in the data analysis 

The following discusses non-detect classificabon for radionuclides, organic, and inorganic 

analytes as summanzed from M Siders memorandum dated Apnl5, 1994 
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All data for radionuclides should be used as detects, except for rejected data (Validation 
code = R). For radionuclide data, DOE Order 5400 states, "All of the actual values, 
including those that are negabve, should be included in the statistical analyses " 

For orgamcs, the result q d f i e r  (entered in the Qualifier field) should be used to 
determine the percentage of non-detects Non-detects for organic analytes are generally 
qualrfied "U", but other designabons may also appear m the result-qualifier field 

Positive detections (i.e., "hits") of some common laboratory contaminants such as 
acetone, methylene chlonde, and cemn phthlates may indicate cross-contamination if 
detected in the associated laboratory blank; such sample results are designated as a "B" 
in the Quahfier field EPA guidance for data validabon and nsk assessment (EPA, 
1989a) indicates that if the concentrabon of a common lab contaminant in a sample is 
more than 10 hmes the concentrabon of the sample analyte in the associated blank, then 
the sample result is taken to be real (I e , a "hit"), not attnbutable to laboratory 
contaminahon For other analytes that are not typically found as laboratory 
contaminants, EPA guidance (EPA, 1989a) states that if the concentration in the sample 
exceeds five hmes the concentration m the associated blank, then the sample result is 
taken to be real, not attnbutable to laboratory contarmnabon 

For metals and other chemical parameters (inorganics), it may be ineffechve to rely on 
the result quahfier alone. The following cntena have been employed to differentiate 
detects from non-detects, and are suggested as guidelines for the data 

- If the Qualifier field contsuns a "U", the result is used as a non-detect (I e , censored 
data point) 

- If the Qualifier field is blank and the result is greater than the reported detection 
limit, the result is used as a detected value, barnng evidence to the contrary 

- If the Qualifier field (for inorganics) contams a "B", which indicates that the result 
was above the IDL but below the CRDL, the result is used as a detected value 

- Other characters may also be found in the Qualifier field, and, b m n g  any other 
evidence to the contrary, these are generally accepted as detects 

Data-treatment requlrements with respect to HHRA COC idenbfication and calculation of 

exposure-point concentrahons includes replacement of non-detect values With the excephon of 

the Gehan Test (used as part of the background compmson), non-detect values should be 

replaced with 0 5 times the reported detecbon limit in accordance with Section 5 3 3 of RAGS 

(EPA, 1989a) Other techniques such as probability plothng and maximum likelihood 

eshmators (MLEs), can be employed for the replacement of non-detect values in a data set 
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Probability plottmg methods are descnbed in deal in Helsel and Cohn (1988) A common 

MLE is descnbed by Cohen (1961) and Sanford et al (1993) A professional statistician should 

be consulted regarding the treatment of non-detects on a case-by-case basis 

Numerous studies, including Sanford et al (1993), Gllhom and Helsel (1986), Helsel and 

Gilliom (1986), Helsel and Cohn (1988), Newman and Dlxon (1990), Newman et al (1989), 
Travis and Land (1990), and Lambert et al f1991), generally indicate that simple subshtution 

methods are the least-robust techniques for non-detect substrtutron when descnptive stabshcs are 

required from a data set The value substrtuted greatly affects the outcome, and generally, 

simple subsbtubon of a value of 0 5 to 0 7 of the detecbon limit is supenor to substituhng the 

value of the detecbon hmt (Sandford et al , 1993). 
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3.0 IDENTIFICATION OF CONTAMINANTS OF CONCERN 

This sectron describes the methodology used to identrfj COCs for which potential nsks for 
each RFETS OU wdl be estrmated. The goal of selectmg COCs m h s  phase of the HHRA is 
to idenbfy specific contanunants m each enwonmental medium that may pose human health 

hazards. Once identrfied, COCs wdl be advanced through the quantrtabve nsk assessment to 

characterm nsk for a l l  current and potentd future human receptors. 

The first step of COC selmon mvolves idenbfymg PCOCs by distmguishmg sample data 

from background data. Followmg this, the selecbon of COCs for the "RA proceeds 

simultaneously wth the CDPHE Conservabve Screen (descnbed m Secbon 4 0) The 

relabonship between the CDPHE Conservatrve Screen and the HHRA is illustrated m 
Figure 1-1 

The followmg screenmg cntena wdl be apphd to all contarmnants detected in each 

environmental medium (surface sod, subsurface sod, surface water, groundwater, sediments, and 

arr) to select COCs for each OU* 

Background companson for morgmc contanunants (mcludmg radionuchdes)/ 
PCOCS 

Human essenbal-nutnent analysis 

Frequency of detecbon analysls 

Rrsk-based concentrabon screen 

Concentrabon-tomcity screen 

Professional judgment. 

Figure 3-1 presents the flowchart for applying the screening cntena Eliminabon cntena 

wlll be applied in the order presented; at each decision point, the contaminant will be eliminated 
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Figure 3-1 COC Identification 

I Background 

I Eliminate Essential Nutrients/ 
Major Cations and Anions I 

* Professional Judgement Applied to These Analytes 

3-2 



DRAF" 

or remned for further considerabon Pnor to imbabon of the screening process, data will be 

aggregated by medium and analyte A summary presentabon of the data will include 

Chemcal name 

Frequency of detecbon 
Mmmum detected concentrabon 
Mmmum detected concentration 

Chemcal-specific contract requued quanbtabon hmt (CRQL) 
Range of sample quanbtabon hmts (SQL) 

Anthmebc or geometrtc mean concentrabon 

3.1 Background Analysis 

The first step in the COC selecbon process is to disbnguish between contaminabon 

associated with site acbvibes, and regional anthropogenic (man-made) and nonanthropogenic 

(naturally occumng) background condihons To make ths determmabon, a background analysis 

is conducted The output of the background analysis is a hst of PCOCs Figure 3-2 illustrates 

the PCOC idenbficabon process. 

The stabsbcal methodology used to conduct the background analysis (1 e ,  PCOC 
idenbficabon) for nonanthropogenic compounds has been developed and approved by DOE, 

EPA, and CDPHE. This methodology is presented ~fl Appendlx B The methodology is based 

on the September 29,1993 strawman proposal submtted by DOE and accounts for modificabons 

and clanficabons provided through EPA correspondence dated October 25, 1993 

Methods used to analyze whether a metal or radionuchde exceeds background levels 

include 

Analybcal results for metals and radionuchdes are compared to the background data 
using four stabsbcal tests the Quant.de test, Shppage test, Student's t-test, and the 
Gehan test as described m a letter report by Gdbert (Gdbert, 1993) The analyte is 
considered to be above background if it fiuls any test at the p 5 0 05 level, provided 
the test is supported by an appropnate data set 

Ninety-nine percent confidence level mm) Compson Analybcal results for 
each metal and radionuchde are compared to the 99 percent upper tolerance limit of 

3-3 



I Hot Measurement Test I 

Gehan Test or 
Nonparametrtc ANOVA 

Figure 3-2 PCOC Identification 

Slippage Test f+- 
Non-Dectects in Site 
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Background Data 
Normally < Distnbuted? v 

1 Yes 

I AnalyteaPCOC I 
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background data calculated at the mm The UTL99,99 test is an indicator of 
possible hot spots (Gdbert, 1993) If any result exceeds the m,,, the analyte is 
idenbfied as a PCOC, subject to spabal and temporal evaluahon 

The source of background data is the Background Geochemical Charactenzation Report 
(BGCR) (EG&G, 1993) Because samples of surficial sods were not collected and analyzed for 

the ongmal BGCR program, OUs 1 and 2 collected samples of surficial soil from the Rock 

Creek background area. To date, these data were the only validated background data for 
surficial soils However, as a second phase of the BGCR, a study of background surficial soils 

was inibated in 1994 Samples for this study have been collected, and are currently undergoing 

chemical analysis and data validabon 

Using the results of thls stabsbcal analysis, inorganic chemcals (including radionuclides) 

that are at or below background levels will be ehmmated from further considerabon As 

descnbed m Appendlx B, the specific cntenon for the background analysis will be that none of 
the stabshcal tests mdicate a stat~sbcally sigtllficant elevabon of site-specific levels over 

background. The cntena used to evaluate whether a metal or radionuclide exceeded background 

levels are summanzed m th~s secbon. 

If the battery of stabsbcal tests mdicates a stabsbcal Qfference above background levels, 

the chemical vvlll not be ehmmated. An excepbon to this rule wdl be if the stabsbcal tests are 

inappropnate for the data set. For example, if a Student’s t-test is mit~ally used because it is 

assumed that the underlying probability density funcbon is Gaussian, but further analysis reveals 

this assumpbon to be unsubstanbated, the result from the stabsbcal test would be invalidated 

As indicated on Figure 3-2, professional judgment will be used to retam or eliminate 

contammants dependmg on the appmpnateness of the stabsbcal test Professional stabsbcians 

will be consulted pnor to elimmatmg such contammants Presentahon of the results of the 

background companson will include descnptwe stabshcs, stabsbcal tests, power of tests, and 

results of the test 
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The same background analysis, stabsbcal methodology, and elimmation cntena used to 
evaluate nonanthropogenic chemicals wll be used to evaluate anthropogenic conditions 

Anthropogenic compounds will be retatned or eliminated on a case-by-case basis using 

professional judgment. 

3.2 Essential Nutrients Analysis 

Consbtuents may be ehmmated from the nsk assessment if they are essentml human 

nutnents that are not present at toxic levels @PA, 1989a) As indicated on Figure 3-1, a 
determinabon will be made in ths phase of the COC selecbon process as to whether recognized 
essenhal nutnents are present at potenbally toxic levels Chemicals considered to be an essenhal 
part of the dady human diet (EPA, 1994a) include: 

Calcium 
Iron 
Magnesium 
Potassium 
Sodium 

A toxicologst should apply professional judgment to compare these essenbal nutnent 
concentrabons and other chemcals that may be part of the human diet with appropnate toxicity 
values 

3.3 Contaminants of Concern Frequency of Detection Analysis 

All metals above background levels and detected organic compounds are evaluated for 
frequency of detecbon Compounds that are detected at a frequency of 5 percent or greater are 
considered potenbal OU-wide chemcals of concern. These compounds will be included in the 

concentrabon-toxicity screen (CTS) to idenbfy compounds that could contnbute significantly to 
total nsk (Secbon 3 5) Compounds detected at less than 5 percent frequency are not 
charactemQc of site contamnabon and the potenbal for exposure is low. Maximum 
concentrabons of infrequently detected organic compounds and metals will be compared to nsk- 
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based concentrabons (RBCs) as descnbed in Secbon 3 4 to idenofy isolated or highly localized 

occurrences of hlgh concentrabons of tom chemicals (1 e , hot spots) that could pose a nsk i f  

routme exposure were to occur. These chermcals wdl be retamed as special-case chemicals of 

concern for separate evaluabon m the nsk assessment 

3.4 Risk-Based Concentration Comparison 

Although frequency of detecbon is an important ehmmabon cntenon to prevent spunous 

data from biasing esbmabon of risks, an approach will be used to prevent small areas contaming 

high contaminant levels from bemg ehmmated As a health-protecbve precaubon to ensure that 

"hot spot" contaminants are not elimmated as COCs, all contaminants that sabsfy the low 

frequency of detecbon cntenon wdl be compared to RFETS-specific RBCs, which are the 

chemical-specific Programmabc Prehmnary Remediabon Goals (PPRGs) These are presented 

in Appenduc C. These values were developed umg nsk assessment methodologies and represent 

screening levels which should be used rn the nsk-based companson. If the maximum detected 
value exceeds 1,OOO tlmes the chemical-specific PPRG for any pathway, the chemical will not 

be eliminated as a COC. Addibonally, if the maxlmum detected value of infrequently detected 

contarninants exceeds 1 ,O00 bmes the PPRG, a temporal analysis will be conducted to determine 

whether to eliminate the chemical from further analysis or to retam it as a "special-case COC I' 

The temporal analysis apphes to surface water, groundwater, and atr samples collected with 

specified frequency over a specified hme penod (for example, quarterly groundwater samples 

collected over 2 years). If the detecbons can be associated with discrete fluctuabons in the 

natural environment such as high-flow or low-flow events, even though infrequently detected, 

the chemical wdl not be eliminated as a COC 

The result of the temporal analysis will be idenbficabon of contaminants that are 

infrequently detected but that are detected at high concentrabons and are associated with discrete 

events These are termed "special-case COCs" and may warrant special considerahon in any 

subsequent exposure assessment That is, exposure may realisbcally occur only dunng specific 

events 

3-7 



DRAFT 

3.5 Concentration-Toxicity Screen 

The purpose of a CTS is to reduce the number of contaminants carned through an HHRA 

@PA, 1989a) and to focus the nsk assessment on the chief contnbutors to potenhal nsk The 

CTS will be conducted separately for inorgamc, radionuclide, and organic chemicals The 

cntena used in this screening step include the mherent toxicity of individual contaminants and 

the maximum detected concentrahon m each enwonmental medium for each OU Toxicity 

values used to calculate individual nsk factors are CSFs for carcinogens, or the reciprocal of the 

RfD for screerung noncarcinogeruc contammants Thus, the nsk factor for carcinogenic effects 

is the maximum detected concentrahon (or achvity) mulhplied by the CSF for that chemical 

The nsk factor for noncarcinogemc effects is the maximum detected concentrahon divided by 

the RfD for that chemical For contaminants with separate oral and inhalahon toxicity values, 

the most conservahve value should be used m the CTS unless die most conservahve is 

inappropnate for a specific medium For example, only the oral toxicity value should be used 

for nonvolahle metals and radionuclides in ground water Contaminants without EPA-denved 

toxicity values cannot be screened by this procedure and wdl be advanced into the qualitative 

uncertamty analysis 

In the first step of the CTS, a chemical score is calculated by mulhplying the maximum 

detected concentrahon by the chemical-specific toxicity factor for each chemical The following 

equahon illustrates the process. 

Ry = Cy * Ty 
where 

RY 
CY 
TI/ 

J 

= chemical-specific nsk factor for chemical I in the medium J 
= mmmum detected concentrahon of chemical I in the medium J 
= tomcity value (either the CSF or URD) for chemical I in the medium 

Carcinogenic and noncarcmogenic contammants will be evaluated separately for each 

environmental medium. Some analytes, such as arsenic, have both noncarcinogenic and 

carcinogenic effects and are, therefore, included in both screens Furthermore, a separate screen 
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will be performed for radionuclides, due to differences in uruts of slope factors, [milligrams per 

lulogram per day" (mg/kg-day)"] vs. Dicocune-' @Ci)-'] After calculahng individual chemical- 

specific nsk values for each medium, all risk values wll be summed to obmn the total nsk 

factor (Ftj) for the medium Indiudual chermcal-speafic values will then be divided by the total 

nsk factor to denve a chemical-specific rat10 (RzJIQ], providmg an index of the relahve nsk 
factor for each chemical All contarmnants that contnbute less than 1 percent (raho of 0 01) to 

the overall nsk factor wdI be ehminated from further considerahon unless they are non- 
radionuchde class A carcinogens Consequently, contarmnants advanced into the quanbtabve 

nsk assessment wI1 represent the contarmnants expected to contnbute to the OU-related nsk 

3.6 Professional Judgment 

The last step of the COc selechon process will lnVOlVe applying professional judgment to 

ensure that hazardous contamtnants are not unknowngly eliminated from the nsk assessment and 

that only the most relevant contamtnants are retatned Professional judgement will be used to 
reevaluate the COCs idenbfied based on COC selecbon cnteria descnbed in Sechons 3 1 through 

35 

Professional judgment will be used at two points in the process of selecting COCs for the 

HHRA 

Lognormal wm companson The background m,w presented in the BGCR 
(EG&G, 1993) are calculated assuming that the background data are normally 
distnbuted, (probabxhty plots or Shapiro-Wilks tests may be used) This assumphon 
may not be appropnate for all analytes. Concentrabons of some analytes may be 
within the background range according to all stabsbcal tests performed, but one or 
two results may exceed the background This results in idenbfying the 
analyte as a potenhal chemical of concern When the distnbuhon of the background 
data is tested, if the better fit is a lognormal distnbuoon, the UTL99/w will be 
recalculated based on lognormal distnbubon and the site results will be compared to 
the lognormal-based Thls stahst~cal re-evaluahon may result in excluding 
some analytes as PCOCs 

Spabal/temporal and pattern recogmhon The spabal and temporal distnbuoon and 
pattern charactenshcs of certatn organic chemicals, metals, and radionuclides 
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idenbfied above background levels will be evaluated to determine if they are 
naturally occumng or present due to envvonmental contamination This evaluahon 
may result m ehmmatmg analytes as PCOCs All such professional judgment will 
be descnbed in each secbon, where relevant 

3.7 Contaminants of Concern Technical Memorandum 

A TM descnbing the contarmnant identdicaQon process is required per the IAG The 

submittal requmments for the COC TM mclude an introducbon to the PCOCs determined via 

the background analysis, essential nutnent analysis, and summary tables illustrabng the detecbon 

frequency analysis, CTS, and PPRG cornpanson Example formats for summary tables to be 

submitted as part of the TM are presented in Tables 3-1 through 3-8 
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Table 3-1 
Rocky Flats Environmental Technology Site: 

COC Selection, Data Summary, for Surface Soils 

DetmJsaImnit 
from RFEDS data 

II hornamcr II 

I I I I I I I I 

11 Radionuchder' II 

Notes 

a CRQL = contract required qwntitation limt 
b Reported in picocuner per gram 
mg/kg = mlligramr per kdogram 
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Table 3-2 
Rocky Flats Environmental Technology Site: 

COC Selection, Data Summary, for Subsurface Soils 

II hornrmcs 

Notes 

a CRQL = contract required quantiutton limt 
b Reporred in picocuncr per gram 
mglkg = nullipamr per lulognm 
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Table 3-3 
Rocky Flats Environmental Technology Site: 

COC Selection, Data Summary, for Groundwater 

11 Radtonuclidea’ II 

Notes 

a CRQL = contract roquird quanutabon lmt 
b Reported in picocunes por gnm 
mglkg = nullignau per kdogmm 
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Table 3-4 
Rocky Flats Environmental Technology Site: 

COC Selection, Data Summary, for Sediments 

Radionuclrdsr’ 

Notes 

a CRQL = contmct required quanutauon limt 
b Reported in picocunes per gmm 
rnglkg = mdligrama per lulogmm 
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Table 3-5 
Rocky Flats Environmental Technology Site: 

COC Selection, Data Summary, for Surface Water 

11 Radionuchdes' II 

Notes 

a CRQL = contract required quntluclon hnut 
b Repolted in picocuncs per gnm 
mglkg - nulligrama per hlogram 
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I 

Table 3-6 
Rocky Flats Environmental Technology Site: 

COC Selection, Concentration-Toxicity Screen, for Carcinogenic Chemicals 

~I 
II I II 
II I Total hsk Factor (RJ) II 
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Table 3-7 
Rocky Flats Environmental Technology Site: 

COC Selection, Concentration-Toxicity Screen, for Noncarcinogenic Chemicals 

II I Total bsk Factor (RJ) II 
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4.0 COLORADO DEPARTMENT OF PUBLIC HEALTH AND ENVIRONMENT 
CONSERVATIVE SCREEN OF POTENTIAL CONTAMINANTS OF CONCERN 

This secbon descnbes a conservabve screen to be apphed to data from each OU to ensure 

that the requlrements of RCRA and CHWA are met The CDPHE conservabve screen was 

developed as part of the data aggregabon process used 111 HHRA, for WETS by DOE, EPA, 

and CDPHE The conservabve screen Unll be used by DOE, EPA, and CDPHE to make a 

decision regarding no further acbon, voluntary correcbve acbon, or further analysis through an 

"RA. 

a Perform a background analysis to idenbfy PCOCs as metals and radionuclides 
sigmficantly above background levels based on statishcal evaluabon (Gilbert, 
1993), and organic target analytes detected above reporhng hmits 

a Dehneate source areas that contam orgamc PCOCs above reporhng limits and/or 
morgmc (or radionuchde) PCOCs at concentrabons above the anthmebc mean 
plus two standard demabons of the background data 

a Calculate the RBC rabo sum for each source area The rabo of the maximum 
detected concentrabon or radioactmy to the RBC is calculated for each organic 
PCOC above reportmg hmits and each inorganic PCOC that occurs in the source 
area at a concentrabon or radioacbvity above the background mean plus two 
standard demabons The RBCs used in the CDPHE nsk-based screen are 
presented 111 Appendlx C 

Maximum detected concentrabons or radioacbvibes in soil are idenbfied from 
samples collected to a depth of 3 7 m (12 ft), which is the depth recommended 
for use by CDPHE. The chemcal-specific and radionuclide-specific rabos are 
then summed for each medium, resultmg in a rabo sum for the medium (soil and 
groundwater) Rabo sums for soil and groundwater (if present) are also added 
to yield a total rabo sum for residenbal exposure If any ratio or raho sum 
exceeds 1, the source area warrants further evaluabon 

a Apply the CDPHE conservabve screen decision cntena Use the ratio sums to 
designate source areas as candidates for no further acbon or as candidates for 
further evaluabon in the "RA or possible early acbon For source areas with 
rabo sums less than 1, DOE may pursue a no further acbon altemabve For 
source areas with rabo sums between 1 and 100,  and greater than 100,  DOE may 
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evaluate the source area further in the basehne "RA and pursue a voluntary 
early acbon altematwe, respectwely . 

0 Define the AOCs for the HHRA for review and approval by DOE, EPA, and 
CDPHE 

a Prepare the CDPHE conservatwe screen letter report to summanze the results of 
the preceding steps. 

The flowchart in Figure 4-1 illustrates the CDPHE consexvatwe screen Each step is presented 
in the followmg secbons 

4.1 Perform Background Analysis 

Idenhfymg PCOCs from the background analysis descnbed in Section 3 1 is the first step 

in the CDPHE consewatwe screen. The background analysis consists of the following stabsbcal 

tests, the Gehan test, Quantde test, Shppage test, Student's t-test, and a U T b , w  companson 
These stahst~cal methodologies are detaded 111 Appendix B 

4.2 Delineate Source Areas 

The delineatmg of the nature and extent of contaminabon will include a descnption of 

source areas For potenbal organic contaminants, the cntenon for idenbfying source areas will 

be the detecbon limit, for potenbal inorgaruc contaminants, the cntenon for identifying 

contaminant source areas will be the anthmehc mean of the appropnate background populahon 

plus two standard deviabons The spabal extent of contarmnabon for each PCOC within a 

source area may vary for each source because multiple contarmnants may be detected in mulhple 

media withm each source Therefore, professional judgment will be used to define a source as 

all contaminahon that can reasonably be associated with the area based on histoncal use, site 

charactenzabon, contaminant types, concentrabons, affected media, and rates of migration 

DOE will prepare one or more maps of the source areas (depending on the complexity 
of the OU) and submit these maps to EPA and CDPHE for review and approval A meebng of 
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Figure 4-1 CDPHE Conservative Screen 

Perfrom Background Analysrs to ldentdy PCOCs 3 
Delineate Source Areas - A Source Equals Any Area 
in Whlch Contaminant Levels Exceed 
Detection limlts for organlc constttuents 
Background mean plus two standard deviations for inorganic constttuents 

I 
I Calculate the RBC Ratio Sum for Each Source Area 

m 

J=1 ( il ( 
Mammum Concentration or Activity IJ 

RBCij 
RBC RatioSumt 

I = PCOC I J = Medium 

I Apply CDPHE Consetvatwe Screen Decrsion Crtterta I 
t 

umcl 00 RatB Sum > 100 
t 

Ratio S u m  1 

+I Assess Dermal 

Define AOCs 
One or More Source Areas Qrouped 

Spatlally in Close Prommity 

I Prepare the CDPHE Consewatwe 
Screen Letter Report I 
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the three agencies may be requlred to present the rabonale for idenbfying sources with complex 

media interacbons or mulbple potenbal contarmnants 

4.3 Calculate the RBC Ratio Sum 

Each potenbal contammant m each m d u m  has an associated medium-specific RBC that 

is calculated based on the following assumpbons 

0 Duect residential exposure 
0 

0 

Dvect mgesbon and mhalaQon exposure pathways 
A carcmogemc nsk of 106 and a noncarcinogenic hazard quotrent of 1 0 

For each source idenbfied, the maxlmum detected value for each potenbal contaminant 

in each medium should be detemed If elevated nondetect values are present (e g , qualified 

with a U) that exceed the maximum detected value, these should not be used as maximum 

values Professional judgment should be used to examine the reasonableness of the maximum 
value w i h  the data set For example, values that are three orders of magnitude above the 

other data pomts may have been reported in mcorrect umts. 

Each contaminant-specific maxlmum concentrabon should then be divided by its 

corresponding RBC with separate calculabons performed for carcmogens and noncarcinogens 

The PPRGs presented m Appendlx C will be used as RBCs The maximum concentrabon RBC 

rabos for the source areas should then be summed for each PCOC for each medium and then 

across all media withm a source This sum is referred to as the rabo sum and is the basis for 

remedial decisions for each source area under the CHWA The rabo sum step is illustrated in 

Figure 4-1 Table 4-1 is provided as an example table shell for presentmg the rabo sum 

calculabon 
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TABLE 4-1 

CDPHE Comervatwe Screen Raao Sums for Source Area 
Sod, Surface to 12 Feet Depth (Resdent) 
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4.4 Apply CDPHE Conservative Screen Decision Criteria 

The decision cntena that wlll be used to evaluate source areas are illustrated in Figure 

4-1 These cntena should be apphed to each idenhfied source area The total raho sums for 

carcinogemc or noncarcmogemc effects are an mdicahon of potent& nsks to the receptors, 

assumng long-term exposure to maxlmum detected concentrahons of PCOCs in soil and 

groundwater For carcinogens, a total mho sum of less than one indicates a total excess lifehme 

cancer nsk of less than 1@ (1 m l,0oO,0oO) from long-term exposure to the maximum 

concentrahons of PCOCs in that source area A total raho sum for carcinogens that is greater 

than one but less than 100 indicates a total excess hfehme cancer nsk between 104 (1 in 10,OOO) 

and lod, which is the target cancer nsk range that EPA has adopted to guide remedial decisions 

at hazardous waste sites. Where cancer nsks eshmated in a baselme HHRA do not exceed 104, 
remediahon is not generally warranted unless nonwcinogetllc effects or ecological nsks are 

significant @PA, 1991b) A total mho sum for carcmogens that is greater than 100 indicates 

a potenhally unacceptable cancer nsk from long-term exposure to maximum detected 

concentrahons For noncarmogens, a mho or rat10 sum less than or equal to one indicates no 
toxic effects are expected A noncarcmogemc total mho greater than one indicates that there 

may be cause for concern for noncarcmogemc effects. 

This nsk-based screen is conservahve because it assumes that a long-term resident will 

be routmely exposed to the maximum concentmuons of contaminants found in soil and 

groundwater The screen does not confirm that an actual nsk exists Raho sums greater than 

one or 100 mdicate that the area warrants further evaluahon, but the mhos do not indicate that 

an actual health threat is present. 

If either the carcinogemc or noncarcmogemc total raho sum is greater than 100,  that 
Source areas with 

If both the 
source area may be idenhfied by DOE as a candidate for an early action 

raho sums between one and 100 wlll be evaluated further in the baseline HHRA 
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carcinogenic and noncarcinogemc total rabo sums are less than one, the source area is a 

candidate for no further actIon based on human health nsk In these cases, the incremental nsk 

from dermal exposure is evaluated to confm that the total rat10 sums including dermal exposure 

are stIll less than one 

4.5 Define AOCs for the HHRA 

One or several sources grouped spamy m close proxlrmty are considered an AOC 

This determmabon is made after the source areas have been screened by the CDPHE 

conservabve screen If source areas are clearly separated, then each is potenbally an AOC 

Those source arm that overlap or are adjacent to each other may be grouped using professional 

judgment. 

4.6 Prepare the CDPHE Conservative Screen Letter Report 

The CDPHE conservative screen letter report will include map and text summanes of 

source areas and AOCs, and results of the CDPHE conservabve screen The letter report will 

serve as the basis for discussion and consensus among DOE, EPA, and CDPHE to proceed with 

the HHRA given the exposure areas and contaminants idenbfied The report will include 

rn Source area maps 

rn Table of all potenbal contaminants, listmg their RBCs, the maximum 
concentrabon/RBC rabo, and rabo sum 

rn Bnef discussion of the decision cntena 

rn Map(s) of AOCs 
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5.0 EXPOSURE ASSESSMENT 

Exposure assessment for an HHRA is the quanbtahve or qualitabve evaluabon of contact 

between a human receptor and chemcal(s) or physical agent(s). This assessment 

Describes the mtensity, frequency, and durabon of contact 

Evaluates the rates at whch the chemcal crosses the boundary into the receptor 

Evaluates the resultmg amount of the chemcal that actually crosses the boundary 
(dose) and/or the amount absorbed (mtemal dose). 

The pnmary purpose of an exposufe assessment as part of an HHRA is to esbmate total 

dose for a receptor in a given exposure area, whch is combined with chemical-specific dose- 

response data used to esbmate nsk 

The exposure area is the area 111 whch a potenhal receptor can reasonably be expected to 

contact COCs over a specified exposure durabon An exposure area can vary in size, depending 

on site-specific condibons and potenbal receptors. At some sites, the exposure area is 
considered to be the entm site, at others, the exposure area is only a portion of the site. For 

WETS, AOCs are defined as one or several sources grouped spahally in close proximity 

The process of a chemcal entenng the body occurs III two steps First an exposure, or 

contact with the chemical, must occur, and second, actual entry into the receptor After entry 

into the receptor the amount of the chermcal absorbed by the body (internal dose) can be 

determined. 

The two major processes by which a chemcal can cross the boundary from outside to inside the 

body are intake and uptake Intake mvolves physically moving the chemical through an opening 

in the body such as the mouth or nose and usually occurs via inhalabon, eahng, or dnnlung 

The chemical is normally conmned m a m e r  medium such as ar ,  food, or dnnk The 

eshmate of how much of the chemcal enters the body focuses on how much of the carner 

medium enters. The uptake process of a chemical entenng the body involves absorpbon of the 
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chemical through the s h  or other exposed hssue such as the eye Although the chemical is 

normally contamed in a medium, the medium typically is not absorbed at the same rate as the 

chemical Therefore, the esbmates of the amount of chemical entenng the body are greatly 

affected by such factors as the concentrabon gradient across the boundary and the permeability 

of the barner 

The following secbons descnbe the exposure assessment process and documentauon 

5.1 Identifying Populations and Land Use 

The potenbaLly exposed populabons are charactenzed pnmanly using the 1989 Population, 

Ecommzc, and Land Use Data for Rocky Flats Plant (DOE, 1990), developed by the Denver 

Regional Councd of Governments (DRCOG) The DRCOG study encompassed an 81 km (50 
mi) radius area from the center of the RFETS and included all or part of 14 counbes and 72 

incorporated cihes with a 1989 combmed populahon of 2,206,550 The DRCOG study projected 

populahons through the year 2010 

The followmg two subsecbons discuss demograpiucs and land use for current and future 

scenanos for on-site and off-site locabons 

5.1.1 Demographics 

The RFETS is located m a rural area of unincorporated Jefferson County, approximately 

26 km (16 m) northwest of Denver and apprommately 16 km (10 mi) south of Boulder WETS 

is situated on a 2,653-hectare (6,550-acre) parcel of federally owned land The facility is 

located in the approxlmate center of the parcel and is surrounded by a buffer zone of 

approximately 2,489 hectares (6,150 acres) The area to the west of RFETS is mountiunous, 

sparsely populated, and pnmanly government-owned The area east of WETS is generally a 

high and plaur, densely populated, and pnvately owned The majonty of the population 

included in the DRCOG study is located withm 48 km (30 mi) of RFETS, to the east and 

southeast, m the Denver metropohn area. The majonty of the development of the plans to 
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the east of WETS has occurred smce the faclllty was built, and according to projections by 

DRCOG, future development is expected to conhnue (DOE, 1990) 

Within a 6 9 km (4 mi) radius of the center of WETS, there is currently little residenhal 

or commercial development Between 6 4 and 16 km (4 and 10 mi), development increases, 

with approxlmately 316,000 residents w h  a 16 km (10 mi) radius The most significant 

development exlsts to the southeast, in the Cittes of Westmnster, Arvada, and Wheat hdge 

The Cittes of Boulder, to the northwest; Broomfield, Lafayette, and Louisville, to the northeast, 

and Golden, to the south, also contam significant developments within this 16 km (10 mi) radius 

(DOE, 1990) 

The nearest school is Witt Elementary School, which is approxlmately 4 3 km (2.7 mi) east 

of the WETS buffer zone boundary (EG&G, 1992a). All other sensittve subpopulahon facihbes 

(such as hospitals and nursing homes, are located beyond the 8 km (5 mi) radius from the center 

of WETS There are 93 schools, 8 nursing homes, and 4 hospitals within a 16 km (10 mi) 

radius of WETS (DOE, 1990) 

Standley Lake Park, a mreattonal area and a drdang water supply for the cihes of 

Thornton, Northglenn, Westmnster, and Federal Heights, is located 5 6 km (3 5 mi) to the 

southeast of WETS From the reservou, water is piped to each city’s water treatment facility 

Boating, picmclang, and limted overnight camping is permitted at Standley Lake Park 

5.1.2 Land Use 

Current off-site land use in the area surrounding WETS is shown in the Jefferson County 

Land Use Inventory Table 5-1 is a summary of land use corresponding to the Jefferson County 

Land Use Inventory Current land use surrounding WETS includes recreahonal, open space, 

agncultural, residenhal, and commercial/industnal The northeastern Jefferson County and the 

WETS area is currently one of the most concentrated areas of mdustnal development in the 

Denver metropolrtan area (Jefferson County, 1989). 
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Table 5-1 
RFETS 

Current Land Use in Jefferson County Surrounding RFETS 

Current use/ 

22009 NA NA NA 

44001 Vacant A-2 Vacant 

44002 NA NA NA 

44003 Vacant 1-1 Industnal 

44004 Vacant A-2 Vacant 

44005 NA NA NA 

44006 Vacant 1-3 hdustnal 

44007 Vacant A-2 Vacant 

4500 1 NA NA NA 

45002 Walnut Creek Uxut 1 P-D Smgle Famly - Detached 

45002 Walnut creek Uxut 1 P-D Retail 

45003 Vacant A-2 Vacant 

45004 Smgle F d y  - Detached A-2 Smgle Farmly - Detached 

45005 Smgle F a d y  - Detached A-2 Vacant 
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(continued) 

Colorado Bnck Comp Clay 
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NA = Data not avadable 

DRAFF 

Table 5-1 
(continued) 

a Zonmg Abbrcvlahons arc 

A-1 AgnCUltUd 1 
A-2 AgnCultUd 2 
1-1 lndustnal 1 
1-2 Industnal2 
1-3 Industnal 3 
P-D Planned Development 
SR-2 Suburban Rcsidentml2 
RC Rcsmctcd Commercd 
P-DA Planned Development Amended 

Source Jefferson County, 1989 
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The predormnant current off-site land use m the immediate area of the WETS is open 

space, smgle-famrly detached dwehgs, and horse-boarding facilihes Two small cattle herds 
(approximately 10 to 20 cattle m each herd) exlsted m the area m 1993 one to the southeast, 
where 96th Avenue turns into Allare and crosses Woman Creek, and on% to the east of WETS, 
between Allare and Simms Streets and north of 100th Avenue Industnal facilihes include the 

TOSCO laboratory, Great Westem Inorgmcs Plant, and Fronher Forest Products (EG&G, 

1992a). 

Future off-site land use is generally expected to follow emsong land-use patterns Jefferson 
County, in its Northeast Jeflerson, County Community ProBle Report (Jefferson County, 1989), 

a socio-economc study of its northeastern area, developed a basehe profile of growth and land 

use in the area. Using the baselme profile and hstonc trends, future land-use scenanos were 
developed At the bme of tlus study, Jefferson County expected that industrial land uses would 

contmue to domate the northeastern porhon of the county. Along with the increase in 
industtral development, the county mcome and employment growth is expected to increase 

dramabcally, whde household and populabon growth is expected to mcrease only moderately. 
Although the changing WETS mrssion may eventually influence growth in the area, this is not 

likely to be sigmficant untd decontarmnahon and decommissioning and environmental restoration 
are completed. 

IndusW and commercial development of the area is attractwe to businesses and developers 

for several reasons 

The avsulabllity of undeveloped and lower-cost lands 

The lower taxes m an umcorporated porhon of the county 

The possible future ahgnment of W-470, a segment of proposed highway providing 
access to the area 

The proposed W-470 would complete a loop encircling the enhre Denver metropolitan area 

and would sigmficantly impact growth m the area The highway, in its proposed alignment, will 

slart the southern and eastern boundanes of the WETS Commercial growth, particularly light 
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industnal and office development, is expected to occur along the highway (Jefferson County, 

1989) 

Residenbal development may not be as attractwe as mdustnal development of the area for 

several reasons mcluding the proposed ahgnment of W-470, the proximity to and possible 

expansion of Jefferson County Auport, the current mdustry m the area, and proposed business 
parWreWcommerciaU residentdopen space development by the Jefferson Center Metropolitan 

Distnct. The decreased desmbhty of hmng near a major highway or an arport, for traffic and 

noise reasons, is a deterrent to resldentnl development The proximity of RFETS and the 

general mdustnal nature of the area also decreases the desirability of housing in the area 

Future land use in the area is the topic of T;he North Plains Communiry Plan (Jefferson 

County, 1990). The plan is mtended to guide the county and cibes to achieve compabble land 

use and development decisions, regardless of the junsdicbon in which they are proposed 

Representahves of Jefferson County and five cihes (Arvada, Broomfield, Golden, Supenor, and 

Westmmster), and parbcipants from a vanety of mterest groups including homeowners, 

businesses, builders/developers, envuonmentahsts, and special distncts, cooperahvely developed 

this plan. The plan idenbfies RFETS and the Jefferson County Airport as consmnts to future 

residenbal development in the area, and recommends office and light 1ndust.mil development 

The plan further idenbfies the acquisibon of lands for open-space uses as a high pnonty for the 

area, recommending that large amounts of undeveloped land be provided for this purpose 

(Jefferson County, 1990) 

The North Plains Community Development Plan (Jefferson County, 1990) shows that the 

predomnant future land uses to the south and southeast of the RFETS will consist of 

commercial, mdustnal, and office space. Directly to the east, the zoning and usage are expected 

to remam open-space and agncultural or vacant The areas closest to RFETS are planned for 

industnal, commercial, or office space, with the areas farther from RFETS designated for 
residenbal development This planrung is consistent with the projected residenbal growth rate 

of zero in the next 20 years for areas immediately adjacent to the RFETS (DOE, 1990) 
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To the north of WETS, m Boulder County, the predominant land uses include open-space, 

park land, and mdustnal development Two areas adjacent to WETS have been annexed by the 

Cihes of Broomfield and Supenor These two ciQes have partmpated in the Jefferson County 

cooperabve plmng process and are planrung business, industnal, and mixed land uses for the 

area (Jefferson County, 1990) 

Future land use east, southeast, and south of the WETS is expected to consist mostly of 
open space and commercial/mdustnal, with smaller areas of med commercial/rural residential 

Suburban residenbal developments are expected to occur farther east, probably at least 6 4 km 
(4 mi) from the center or 3 2 km (2 nu) from the boundary of WETS The Qming for transihon 

of some existmg agncultural lands to open space is not known 

Currently the WETS is in "transibon", a process of converbng the land from its histoncal 

mission to its current mssion (DOE, 1993). Fachty-wde on-site land use consists of many 

diverse acbwbes mcludmg : cornmemalhdustnal, mmtenance, testmg , charactemahon, 

environmental invesbgabons, office work, and secunty survedlance. Specific current uses for 

specific areas or OUs may be idenbfied through RFETS documents and interviews with 

knowledgeable site personnel Future uses may be projected based on statements by the 

Secretary of Energy and vanous DOE planmg documents 

According to a June 12, 1992, speech by Secretary of Energy James Watluns, there is the 

potenbal for occupahon by pnvate mdustry for the future use of the on-site productron areas at 

WETS Secretary Watlans charactenzed RFETS as an attracbve site for manufacturers and 

other businesses. After necessary decontarmnabon is complete, pnvate industry could relocate 

to existmg buddings and use exlstmg equrpment at WETS One organization interested in the 

impacts of changes at the plant is the Rocky Flats Local Impacts Initiatwe (WLII) This 

organizabon is a coabbon of local governments, workers, community-based public-interest 

groups, pnvate sector mterests, surrounding landowners, and citmns worlung together to 

idenbfy, assess, and nubgate impacts resultmg from the change of mission at WETS, and to 

plan for its future The workplan of the organizabon is to formulate a strategy to transform 
future changes at WETS mto economic, socioeconormc, educatsonal, land use, environmental, 
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and infrastructural advantages. One of ths organizabon’s goals is to convene and coordinate 

an inclusive plamng process to d e t e m e  long term land and facilibes uses and policies desired 

by the community, and coordmate plans for implementabon 

When the Atomic Energy Commmion (AEC) acquired the undeveloped land surrounding 

the producbon area, it estabhshed plans to preserve the land as open space (AEC, 1972) The 

buffer zone is bemg considered as a potenbal ecological preserve or National Environmental 

Research Park. 

There are at least three reasons why Rocky Flats would make an excepbonal 
enwonmental research area. Fust, the site presents an excellent sample of a 
shortgrass pmndmontane ecotone . Second, it also prowdes an almost unique 
opporturuty to conduct environmental research in an area which abuts a major 
metropolitan area.. Thlrd, . the site has an abundance of wetlands and would be an 
excellent outdoor laboratory for a vanety of wetland related ecological research 
(Knight, 1992) 

Ecological surveys of the buffer mne, performed in comphance with the Threatened and 

Endangered Species Act, may mdicate the presence of several listed species at WETS 

Addibonal surveys of threatened and endangered species are ongomg and, if necessary, may be 

performed m the future to identlfy and provide for the protecbon of any threatened or 

endangered species at the site (EG&G, 1992b) The buffer zone has not been impacted by 

commercial development for many years, thereby allowing progressive re-establishment of 

quallty nabve habitats. Because of this hstory, the future use of this area as an ecological 

reserve is reasonable Ecological reserve usage is consistent with DOE policy and plans (DOE, 

1992) In addibon, the ecological reserve site use is consistent with the Jefferson County 

Planning Department’s recommendabons for the provision of large amounts of undeveloped land 

in the area (Jefferson County, 1990) 

The Board of County Commissioners of Jefferson County adopted Resolution CC94-654 

on September 8, 1994 that states, “the Board is parhcularly concerned about any efforts to 

change the land use of the buffer zone from its current status as undeveloped open space” 

(Jefferson County, 1994). The resolubon also states the following position of the board 
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Mamtatning, in perpetuity, the undeveloped buffer zone of "open space" around Rocky 
Flats is a cnbcally important envuonmental, safety, and health consant  which must be 
reqwed as part of any and all alternabve acbons proposed by the Department of Energy 
(Jefferson County, 1994) 

Extensive development of the WETS would face the &fficulbes of steep topography and 

limited avadablllty of water m parts of the dmnages. The Denver Water Board controls most 

of the metropohtan water supply and currently prowdes much of the water for suburban areas. 

The Denver Water Board, however, is under no obhgabon to supply water to the suburbs, 

malang the future supply quesbonable (Jefferson County, 1989) Exishng facihhes within the 

WETS are already served by mumcipal water supphcs from the City of Golden, increasing the 

hkehhood that exlstmg structures wdl be targeted for use by industry and businesses. Due to 
the potenbal hazards assocnted wth unstable slopes, landshdes, and slope fadures, Jefferson 

County emphasizes that development should only OCCUT on slopes wth grades of 30 percent or 
less (Jefferson County, 1990) 

In summary, residenbal development of the WETS is unlikely due to the industnal nature 
of the area, the proxinuty of the proposed W-470 comdor, hnuted water supply, and potenhally 

poor slope stablllty Future residenbal land use is also mconsistent with current Jefferson 

County and DOE land-use plans for the area Future land use generally follows exisbng land- 

use patterns and would likely involve mdustnal and ofice or open-space uses 

5.2 Selecting Exposure Scenarios 

An exposure scenano generally rncludes facts, data, assumphons, inferences, and somehmes 

professional judgement about the followmg 

Physical settmg where exposure would take place 

Exposure pathway(s) from source(s) to exposed mdividual(s) 

Charactenzabon of the chemical(s) such as amounts, locations, environmental 
pathways, fate of chenucal in envlronment, etc 
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Idenbficabon of the exposed individual(s) or populabon(s), and the profile of contact 
wth the chermcal(s) 

Assumptions about the transfer of the chemd to the receptor 

Current and future human populabons on and near the WETS are potenhal candidates for 

evaluabon based on theu hkehhood of exposure to ate-related chemicals of concern EPA 

guidance does not requm an exhaustwe assessment of every potenbal receptor and exposure 

scenano (EPA, 1992~). Rather, the hlghest potend exposures that are reasonably expected to 

occur should be evaluated, along wth an assessment of any assoclsLted uncertamty (EPA, 1989a) 

However, potenbal receptors wdl be idenhfied and evaluated to ensure that the important 

exposure pathways and receptors have been mcluded. 

5.3 Refining Conceptual Site Model and Pathway Analysis 

Informahon concemng waste sources, waste consbtuent release and transport mechanisms, 

and locabons of potentdly exposed receptors is used to develop a conceptual understanding of 

the site m terms of potential human exposure pathways 

The CSM is a schematx representation of the contaminant source areas, contaminant release 

mechanisms, enwronmental transport medn, potenbal human mti&e routes, and potenbal human 

receptors The purpose of the CSM is to 

Provide a framework for problem definihon 

Idenbfy exposure pathways that may result m human health nsks 

Aid m idenbQmg data gaps 

Aid in idenbfying effectwe clean-up measures, if necessary, that are targeted at 
significant contaminant sources and exposure pathways 

Figure 5-1 shows a generalrzed CSM for potenbal human exposure pathways As illustrated 

In this example, pnmary, secondary, and neghgible or incomplete pathways are identrfied for 
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each potentzal human receptor Pnmary pathways can be defined as resultmg in potentially 

complete and significant exposure, and secondary pathways as potentdly complete and relatively 

insignificant exposure Both pnmary and secondary pathways should be quanbtabvely addressed 

in the HHRA Quanbtabvely addressing pnmary and secondary exposure pathways will provide 

for nsk esbmates that do not underesbmate actual nsks Neghgible or incomplete exposure 

pathways are designated m the example CSM, however, these pathways are not quanbtabvely 

addressed m the HHRA but should be quahtabvely d~scussed. 

Sigmficant pathways are those that mvolve rehtwely direct exposure or only moderately 

reduced concentrabons due to contammant fate and transport In contrast, insignificant pathways 

are those that are expected to result m exposure concentrabons one or more orders of magnitude 

lower than sigmficant exposure pathways In addibon, neghgible or incomplete pathways are 

those where fate and transport are expected to reduce contaminant concentrabons by several 
orders of magmtude or more m companson to sigmficant exposure pathways. 

5.3.1 Identifying Sources and Release Mechanisms 

As mdicated m the CSM example m Figure 5-1, the contammabon is traced from pnmary 

source to potenbal human receptor. Fust, the pnmary release mechanisms are idenbfied for the 

pnmary source(s), then the resultmg secondary sources are idenhfied, and finally, the secondary 

release mechanisms (as appropnate) are descnbed. Subsequent sources and release mechanisms 

are identified untd the exposure route for the contarmnant is reached Potenhal human receptors 

are idenbfied, and the probable significance of the potenbd exposure for each receptor and 
exposure route IS deterrmned 

5.3.2 Identifying Complete Pathways 

As previously discussed, the CSM ads  m idenhfying potentally complete pathways for the 

HHRA. An exposure pathway descnbes a specific environmental pathway by which an 
individual receptor could be exposed to contaminants present at or onginatmg from a site An 

exposure pathway includes five necessary elements: 
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Source of chemcal(s) 
Mechamsm of chemcal release 
Environmental transport medium 
Exposure pomt 
A human intake route. 

Each of these five elements must be present for an exposure pathway to be complete Then 

all potenbally complete pathways wdl be discussed, by scenano, in the "RA An incomplete 

pathway means that no human exposure can occur. Only potenbally complete and relevant 
pathways need be addressed in " R A s  for the WETS 

5.4 Identifying Exposure Area and Exposure Point Concentrations 

After AOCs and COCs have been idenbfied, exposure point concentrabons are estimated 

for each COC 111 each envmnmental medium. All COC data witfun the AOC will be aggregated 

over the appropnate exposure area. Steps 111 the exposure area procedure follow 

Detemne the sue of the exposure area for each Scenano by considenng the receptors, 
the toxicity of the COC, and exposure pathways Default exposure areas for WETS 
are 50 acres for ecological researcher or recreabonal users, 30 acres for 
commercial/mdustnal workers, and 10 acres for residenbal receptors 

Plot all COC data, mcludmg data below background or detecbon limit, on a map of 
the OU 

Consult with tomcologists and health physicists from DOE, EPA, and CDPHE to 
properly place a gnd of exposure arm over the AOC. 

Idenbfy the exposure area represenbng the highest nsk by considenng COC 
concentrabons, contammated envvonmental media, and potential exposure pathways 
If the exposure area associated wth the highest nsk within the OU cannot be readily 
defined, several exposure areas may need to be analyzed Analyze data within the 
exposure area usmg the following procedure 

- Usmg the complete OU data set, determine the stabsbcal distnbubon for each 
COC in each envuonmental media 

- Plot the data m a histogram plot showing frequency of detecbon versus 
concentrabon 
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- Use EPA’s Supplemental Guidance to RAGS Calculating the Concentration Term 
(EPA, 19924) to calculate the 95th percent upper confidence limit (95% UCL) 
of the anthmebc mean over each exposure area for each COC Guidance for 
treatment of data sets wth non-detects is presented in Section 5 3 3 of RAGS 
If the COC data are lognormally distnbuted, use Supplemental Guidance to RAGS 
(EPA, 1992d) hlghhght 5 If the COC data are normally distnbuted or are 
determined to be non-parametnc, use hlghhght 6 The guidance states that 
calculabon of the 95% UCL usmg data sets wth fewer than 10 samples per 
exposure area provides a poor esbmate of the mean concentrabon Data sets with 
20 to 30 samples per exposure area provide a fanly consistent esbmate of the 
mean For limted amounts of data, the 95% UCL can be greater than the highest 
measured concentrabon In these cases, the highest measured value should be 
used as the concentrabon term. A professional stabsbcian should be consulted 
regarding the treatment of non-detects in the data set and calculabon of the 
exposure pomt concentrabon Uncertambes in the estimates of the mean 
concentrabons d be addressed in the uncexmnty analysis On a case-by-case 
basis, wth the approval of the regulators, geostabsbcs may be utilized to evaluate 
spabal conbnuity of data 

5.5 Identifying Exposure Equations and Parameters 

Idenbfy exposure equabons and parameters for the complete pathways discussed in Section 

5 3 Use the exposure pomt concentrabons of chemcals in the vanous media (discussed in 

Secbon 4) to esbmate the potenbal human mtake of those chemicals via each exposure pathway 

Intakes are expressed m terms of mdligrams of chemical ingested, inhaled or dermally absorbed 

per lalogram of body weight per day (mglkg-day). Intakes am calculated following guidance 

in RAGS (EPA, 1989a), the Exposure Factors Handbook P A ,  1989b), other EPA guidance 

documents as appropnate, and using professional judgment regarding likely site-specific 

exposure condibons Intakes are esbmated using esbmates of body weight, inhalation volume, 

ingesbon rates, soil or food matnx effects, and frequency and durabon of exposure 

Calculabons are conducted to idenbfy the central tendency value for intake and the 

reasonable maximum exposure (RME) value for intake The central tendency value for intake 

is estimated by using control tendency values (e g , mean and median) for exposure vanables 

The RME is esbmated by selecbng values for exposure vanables so that the combinabon of all 

vanables results in the maximum exposure that can reasonably be expected to occur at the site 

Both calculabons use the 95% UCL exposure point concentrahon @PA, 1992d) 
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The general equabon for dculahng mtake m terms of mg/kg-day is 

chemcal conc Xcontact ratexexposure frequency Xexposure duration 
body weight xaveragmg time 

Intake = 

with corresponding units of 

mg/vol xvol/day xday/year x year 
kg x day 

mg/kg-day = 

For noncarcmogemc chemcals, mtakes are calculated by averaging over the penod of 

exposure to yield an average dady mtake For carcmogens, intakes are calculated by averaging 
the total cumulabve dose over a hfebme, yielding "hfebme average datly intake " Different 

averaging bmes are used for carcmogens and noncatcinogens because it is thought that their 

effects occur by different mechmsms The approach for carcinogens is based on the current 

scienbfic opmon that a high dose received over a short penod of kme is equivalent to a 

comspondlng low dose spread over a lifet~me. Therefore, regardless of exposure durabon, the 

intake of a carcinogen is averaged over a 70-year lifebme @PA, 1989a) Equation 5 1 is used 

to calculate intakes of radionuclides excludes the denominator (body weight x averaging time) 

Intakes of noncarcinogens are averaged over the penod of exposure because potenbal effects 

would be expected to occur dunng the penod of exposure The following are generalized 

pathway-specific equabons in use at WETS 

Ingestion of Watef 

CW x IR x EF x ED 
BW x AT Intake (mg/kg/day) = 

where 
CW = 
IR = Ingesbon rate (hter/day) 
EF = Exposure frequency (dayslyear) 
ED = Exposure durabon (years) 
BW = Body weight (kg) 
AT = Averaging bme @nod over whch exposure is averaged 

Chemical concentrabon in water (mg/hter) 

(5 3) 
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For calculabon of radionuchde intakes, the concentration is expressed in pCi/Z, and the 

expression is not divided by body weight and averagmg bme The intake for radionuclides is 
expressed in pCi 

Dermal Co ntact with Water 

The equabon used for dermal contact wth contaminants m water is presented below This 

equabon calculates the actual absorbed dose (I e , mtake, not the amount of chemical that comes 
in contact with the slan 

(5 4) CW x SA x PC x ET x EF x ED x CF 
BW x AT 

Absorbed Dose (mglkglday) = 

where 
cw = 
SA = 
PC = 
ET = 
EF = 
ED = 
CF = 
BW = 
AT = 

Chermcal concentrahon m water (mghter) 
Slan surface area avalable for contact (cm’) 
Exposure frequency (dayslyear) 
Exposure durahon (years) 
M Y  weight 0%) 
Averagmg Qme @end over wluch exposure is averaged - days) 
Volumetnc conversion factor for water (1 hter/1OOO cm’) 
M Y  weight (kg) 
Averaging bme @nod over whch exposure is averaged - days) 

Inhalation of Airborne Contaminants 

Airborne contaminants may be either in the vapor phase or, in the case of metals and 

radionuchdes, in parhculates Dermal absorpbon of vapor-phase contaminants is considered to 

be negligible porhon of mhalabon intakes and, therefore, is disregarded in accordance with Risk 

Assessment Guidance for Superfund (RAGS) EPA, 1991b) The following equabon is used 

CA x IR x EF x ED 
BW x AT 

Intake (mg/kg/day) = (5 5) 
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where 
CA = Contaminant concentrabon in a u  (mg/m3 or pCi/m3 
IR = Ingesbon rate (m3/day) 
EF = Exposure frequency (daydyear) 
ED = Exposure durabon (years) 
BW = Body weight (kg) 
AT = Averaging bme @nod over whch exposure is averaged - days) 

For calculabon of mtakes from inhalabon of pamculates, only the frachon of the parhculate 

concentrabon m av that is consldered to be respirable (C  10 pm) is evaluated The respiratory 

model developed by the Internattonal Commission on Radiological Protecbon indicates that 

parhcles wth slzes above 10 pm are relabvely utllmportant contnbutors to internal dose (NCRP, 

1985) For calculabon of radionuchde mtakes, the concentrabon is expressed in pCi/m3 and the 

expression is not divided by body weight and averaging bme The intake for radionuclides is 

expressed in pCi 

Inhalabon o f Volables From Indoor Water Use 

where 
CA = 
IR = 
EF = 
ED = 
BW = 
AT = 
v F =  

CA x IR x EF x ED x VF 
BW x AT 

Intake (mg/kg/day) = 

Contammant concentmuon m au (mg/m3 or pCl/m3 
Ingesbon rate (m3/day) 
Exposure frequency (dayslyear) 
Exposure durabon (years) 
Body weight (kg) 
Averaging bme @nod over which exposure is averaged - days) 
Volabluabon Factor (L/m3) 

Incidental InPesbon of Soil or Sediments 

The following equabon is used in calculatmg the intake from incidental ingestion of 

contaminants in soil or sediments 
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where 
cs 
IR 
CF 
FI 
EF 
ED 
BW 
AT 

CS x IR x CF x FI x EF x ED 
BW x AT 

Intake (mg/kg/day) = 

Chemical concentrabons in soil (mg/kg or pCi/kg 
Ingesbon rate (mg sodlday) 
Conversion factor (loa kg/mg) 
Frachon ingested from contammated source (unitless) 
Exposure frequency (daydyears) 
Exposure durabon (years) 

Averagrng bme @nod over whch exposure is averaged 
M Y  weight (kg) 

- days) 

DRAR 

(5 7) 

For calculabon of radionuchde intakes, the concentrabon is expressed in pCi/kg, and the 

expression is not divided by body weight and averaging bme The intake for radionuclides is 

expressed in pCi 

Dermal Contact With Soil or Sediments 

The exposure from dermal contact wth contaminants rn sod and sediments is calculated 

using the followrng equabon which results 111 an esbmate of the absorbed dose, not the amount 

of chemical in contact with the slan (1 e , intake) 

(5 8) CS x CF x SA x AF x ABS x EF x ED 
BW x AT 

Absorbed Dose (mg/kg/day) = 

where 
cs = 
CF = 
SA = 
AF = 

ABS = 
EF = 
ED = 
BW = 
AT = 

Chemical concentrabon 111 sod or sediments (mg/kg) 
Conversion factor (104 kg/mg) 
Skm surface area avslllable for contact (cm*/event) 
Soil to slun adherence factor (mg/cm2) 
Absorpbon factor (unitless) 
Exposure frequency (eventslyear) 
Exposure durabon (years) 

Averaglng tune @nod over which exposure is averaged - days) 
Body weight (kg) 
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V 

The contarmnant intakes for ingesbon of garden produce are calculated using the following 

equabon 

CF x IR x FI x EF x ED 
BW x AT Intake (mg/kg/day) = (5 9) 

where 
CF = Contarmnant concentrabon m food (mg/kg) 
IR = Ingesbon rate (kg/day) 
FI = Fracbon mgested from contammated source (unitless) 
EF = Exposure frequency (days/year) 
ED = Exposure durabon (years) 
BW = Body weight (kg) 
AT = Averaging bme (period over which exposure IS averaged - days) 

For calculabon of radionuchde intakes, the concentrabon is expressed in pCi/kg, and the 

expression is not divided by body weight and averaging bme The intake for radionuclides is 

expressed in pCi 

Omimng chemical concentrabons or dose from the intake equabon yields an "intake factor" 

that is constant for the respectwe exposure pathway and receptor The intake factor can then 

be mulbphed by the concentrabon or dose of each chemical to obtam the pathway and receptor- 

specific mtake of that chemcal Intake factors are calculated separately for each applicable 

exposed receptor and exposure pathway Contact rates, such as dermal contact, calonc intake 

and inhalabon (but not soil mgesbon) are approximately propomonal to body weight Body 
weight is not exactly proporhonal to surface area and age-specific body weighthnhalabon rates 

differ by factors of two or less However, these differences are assumed to be negligible when 

compared to the other uncertambes associated with nsk assessment 

5.6 Developing an Exposure Assessment Technical Memorandum 

The EATM descnbes present, future, potenbal, and reasonable use exposure scenarios to 

be evaluated and idenbfies reasonable maximum intake parameters for estimating contaminant 
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intake via these pathways The EATM is normally submitted pnor to initiating the exposure 

assessment calculabons 

The contents of the EATM mclude. 

Populabon, land use, and current and future human exposure scenarios 

Complete exposure pathways idenbfied by the CSM 

The route@) of contarmnant intake 

Maps of AOCs and gnd placement 

Intake equabons and parameters for each potenbally contaminated medium, such 
as soil, water, and SLU 

The EATM does not quanbfy contarmnant intake The magnitude of exposure is dependent 

on the contammant concentrabon at the exposure points, whch will be estimated based on the 

analybcal results of the OU Phase I Site Invesbgabon and fate and transport modeling, as 

appropnate 

5.7 Using Fate and Transport Modeling 

If concentrabons m the media cannot be measured, they can frequently be esbmated 

indirectly by using fate and transport modeling To accomplish this, fate and transport models 

use a combinabon of general relabonships and situabon-specific information to estimate 

concentrahons of chemtcals m different environmental media, the distnbution of concentrations 

over space and &me, mdoor SLU levels of chemicals, concentrabons in foods, etc Because 

models rely on mduect measurements and data remote from the point of contact, stabsbcally 

valid analybcal measurements take precedence if discrepancies anse 

The term model refers to computer codes or a set of equabons that can be used to represent 

site condibons and the transport of contarmnants through sod gas, groundwater, surface water, 
and ar The models incorporate site-specific data and interpretabons of and eshmates denved 
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from site-specific data The combmabon of a computer code and site-specific data is generally 

referred to as a site-specific model 

Models selected should be capable of incorporabng key contaminant transport and 

transformabon processes and simulabng the important domam charactensbcs and matenal/fluid 

properhes The followmg five categones should be considered when selecting models for use 

Documentabon, peer-review, and avadabhty 
Pracbcallty and cost-effecbveness 

Abihty to adequately simulate WETS condibons 
Abihty to sabsfy the objecbves of the study 
Venficabon of the model using pubhshed analytical equabons 

Considerabons for implementmg a model include- 

Avalability of the model 
Avalability of and confidence m mput data that wlll support the model 

Degree and nature of documentabon 
Extent of peer review of the model 
Nature of model venficabon and vahdabon and testmg 
Computer systems on wluch the model has been used 
User famllianty wth the model 

The followmg subsecQons descnbe models used m HHRA 

5.7.1 Using the CSM to Determine Modeling Needs and Objectives 

The CSM evaluates exposure pathways by then ptenbal contnbution to exposure and 

classifies them as sigmficant, msigmficant, and neghgible or incomplete Significant pathways 

should be exmned to idenbfy the need for modehg Pathways involving direct exposure to 

sources may use measured source data dnectly and do not require modeling Pathways with 

multiple release mechanisms may requne fate and transport modeling (e g , resuspension of 

subsequent anborne contaminant sod and transport offsite) 
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Many fate and transport models are avalable for use and the listed categones and 

considerahons discussed in secbon 5 7 should be consulted pnor to the final selection of a 

specific model(s) The goal of fate and transport modeling is to simulate contaminant migration 

from source areas in sods, groundwater, surface water, sediments, and air to potenhal on-site 

and off-site receptors The results of the modeling are then used in the HHRA of the BRA, and 

may also be used for the EE 

5.7.2 Overview of Models and Data Needs 

The following sechons provide an overview of the modehng specific to contaminants in soil 

gas, groundwater, surface water, and a u  Thls document does not discuss specific models, 

however, when specific models are selected for use at WETS it is important to idenhfy and 

document the assumphons and limitabons associated with each model and its applicahon The 

following four secbons discuss soil gas transport, groundwater, surface water, and au modeling 

5.7.2.1 Soil-Gas Transport - The objectwe of soil-gas modelmg is to predict the transport 

and resulhng concentrahons in a r  of contaminants through the soil gas pathway Such 

predichons will be formulated to provide the mformahon necessary to perform an HHRA 
Normally the hghest concentrabons of contarmnants from the soil gas pathway are inside of a 

building, therefore, part of the modelmg mveshgabon should be directed at charactenzing the 

geotechnical suitability of the site for construchon of buildings associated with future human 

receptors Examples of the data needed for a sod gas model@) that may or may not require 

assumpbons include 

Properhes of the site such as soil porosity, water content, and hydraulic conductivity 

Environmental properhes such as relahve humdity 

Building charactenshcs such as pressunzahon and venhlabon rate 

Chemical-specific propertm such as vadose zone concen trahon, groundwater 
concentrahon, solubdity, Henry’s law constant, and biodegradation rate 
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5.7.2.2 Groundwater - A hydrogeological conceptual model provides a descnpbon of the 

pnmary processes that control the movement of solutes in the subsurface Such processes 

include groundwater flow rates and direcbons, solute release rates and timing, recharge and 

discharge rates, dispersion, degradabon rates, and adsorpbon Vadose gone and groundwater 
modelmg should consider site-specific condibons, the locabon(s) of the groundwater flow, 
recharge and discharge, the pnmary source(s) of contaminabon, the distnbubon of boundary 

condibons, and matenal types. Examples of data requved for the modeling effort include 

8 

8 Porosity 
8 Molecular dispersion 
8 

Horizontal and verhcal hydrauhc conducbvity 
8 specific storabvity 

Residual and saturated moisture content 

5.7.2.3 Surface Water - The purpose of surface water modeling is to esbmate the 
potenbal concentrabon of contarmnants in associated surface water locabons at WETS The 
potenbal for future transport of contarmnants by surface water erosion can be evaluated using 
empincal mathemabcal models. Because of the dispersed nature of dmnage patterns associated 
with overland flow, nonpomt sources associated wth overland flow are very difficult to monitor 

using convenbonal methods. Nonpomt source models consist of equations to predict surface 

water runoff supplemented wth methods to calculate sediment movement Combined, the two 
components descnbe contarmnant transport associated with overland flow and nonpoint sources 

The equabons descnbe total contaminant concentrabons in overland flow, (dissolved, adsorbed 
and solid components), and total contaminant mass loading Assumptions associated with surface 

water modeling include 

Area of site that affects surface water 
Area of contammated sods 
Contamrnant concentrabons in soil 
Soil erodibility factor 
Covedmanagement factor 
Length-slope factor 
Ramfall factor 
Seasonal water flow 

5-25 



DRAFT 

5.7.2.4 Air - The objechve of iilr modelmg is to provide estimates of emissions, 

dispersion, surface deposihon, and fate of contarmnants released from the site Both near-field 

and far-field scenanos should be developed for the site Far-field models are more complex and 

include most of the requirements of near-field models, with the addihon of transport, dispersion 

and deposihon of contaminants Site charactenshcs that require simulation include 

Meteorological condihons 
Dispersion assumphons 
Special conditlons 
Timedomam 
Temn charactenshcs 

Condihons at the receptor which must also be represented by the model include 

Height 
Lucahon 
Exposure pathways 
Occupancy factors 
Consumpbon or usage 

5.8 Documenting Fate and Transport Modeling 

The fate and transport modelmg TM is prepared as part of the HHRA process The TM 

provides a descnphon of the WETS condihons, emphaslzing those conditions that have greater 

impact on the modeling results. It documents the specific cntena that were used to select the 

models, and as appropnate, why the cntena are cnhcal The TM then descnbes the specific 

model(s) selected for use, and to which media and pathways the model(s) are applicable 

Specific data requlrements for each model should be idenhfied, and finally, a data summary of 

the model@) parameters should be lncluded 
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5.9 Documenting the Exposure Assessment 

After the appropnate modehng has been completed, the results need to be documented in 

The followmg subsecbons discuss how modeling results are the exposure assessment 

incorporated 

5.9.1 Docmentating Fate and Transport Modeling Results 

The results of fate and transport modehg for the assocrated media should be documented 

along with cnhcal assumpbons that are made Modehg is generally necessary to denve 
contaminant concentrabons m groundwater, surface water, and an  The results are usually 
summanzed in a format consistent with the selected RME values and that can be directly 

incoprated mto the intake equabons, or, a 95% UCL value can be calculated. 

5.9.2 Documenting Biouptake Results 

Modeling results apphcable to biouptake of contamnants through ingestron of fruits, 
vegetables, meat, milk, fish, and shellfish should also be documented in the exposure 
assessment As discussed in RAGS, the pnmary items of concern for exposure by ingestion of 

contaminants that have accumulated m food are 

Fish and shellfish 
Vegetables and other produce 
Meat, eggs, and d a q  products (domesbc and game species) 

To incorporate modeling results and determme pathway-specific and contaminant-specific 

biouptake, the equatrons in RAGS should be consulted. 

5.10 Calculating Intakes 

As discussed in Sechon 5.5, calculabons are conducted for central tendency and W E  
values for intake @PA, 19924) The RME is estrmated by selectmg various input values for 

5-27 



DRAFI' 

exposure vanables so that the combinabon of all vanables in the intake equabons results in the 

RME that can be expected to occur Ths approach usually results in individual intake vanables 

that are not at theu m m m u m ,  however, when combmed with other vanables, yields estimates 

of RME All parameters for each receptor, pathway, and respectwe intake equatron should be 

idenbfied in the exposure assessment The parameters can be summanzed in tables to make the 

correlabon between pathway-specific intake equabons and the correct parameters obvious 

Dunng the exposure assessment, specific probabllity distnbuhons for each exposure parameter 

may also be idenbfied for use m the quanbtahve uncertamty analysis 

Table 5-2 provides as an example of an intake factor equabon, along with the respective 

parameters for inhalabon of partmlates. Exposure parameters specific to WETS are being 

developed to provide informahon necessary to calculate a central tendency value for intake and 

an RME value for intake These values should be used unless alternate values can be j ~ ~ b f i e d  

and are approved by DOE 

Combmng situabon-specific mput parameters and contarmnant concentrabons in respectwe 

intake equahons, yields values for receptor intakes that can then be used to determine potenbal 

health nsk After the intake values are calculated, they may be presented in tabular form, such 

as in Table 5-3 In Table 5-3, pathways are presented in column headers and the rows contam 

COCs Thus, each intake presented is idenbfied with a specific pathway and a specific COC 
Organize intake tables and associated nsk tables in the same manner to facilitate reading and 

checlung 
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I 

Table 5-2 
Inhalation of Particulates 

Current Off-Site Resident (Adult) 

ED = Exposure durahon (yr) 

DF = DeDosition factor 

Intake Factor = jR x E T x E  F x E D x D F  
BW x AT 

I Parameter 
II I Tendency I II 

IR= inhalahon rate (m3/hr) 

ET = Exposure tuna (hr/day) 

EF = Exposure frequency (day/yr) 

AT = Avmgmg hme (days) ll Noncarcmogemc ll 
II Carcmonemc I I II 

5-29 



DRAFT 

Table 5-3 
COC Intakes 
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6.0 TOXICITY ASSESSMENT 

Toxicity values are used to charactenze nsk and toxicity profiles summame toxicological 

informahon for radioacbve and nonradioactwe COCs Consistent with EPA's RAGS (EPA, 
1989a), the tomcity informabon is summanzed for two categones of potenbal effects 

noncarcinogemc and carcmogenic effects These two categories are selected because of the 

slightly diffenng methodologies for eshmatmg potentral health nsks associated with exposures 
to carcinogens and nonwcinogens The tomcity assessment secbon of this "RA methodology 

discusses obtsunmg toxicity values, developing tomcity profiles, and prepanng a toxicity 

assessment TM 

6.1 Obtaining Toxicity Values 

The toxicity values used quanbtatwely in HHRA are obtsuned from two sources The 

pnmary source of informabon is EPA's Zruegraed Rzsk Znformutzon System (IRIS) (EPA, 

1994b) IRIS contams only those toxicity values that have been venfied by EPA's Reference 
Dose or Carcmogen k s k  Assessment Venficahon Endeavor (CRAVE) Work Groups The IRIS 
database is updated monthly and, per RAGS, supersedes all other sources of toxicity 

informabon If the necessary data are not avdable m IRIS, EPA's most recent issue of HeuZth 
Efects Assessment Summary Tdles (HEAS") (for example EPA, 1994c) is used The tables 

are pubhshed annually and updated approximately two bmes per year HEAST conmns a 

comprehensive lisbng of provisional nsk assessment informauon that has undergone review and 

has the concurrence of individual EPA Program Offices, but has not had enough review to be 

recognd as hrghqdty,  agency-wide consensus informabon @PA, 1993) Values that are 

pending or that have been wthdrawn should not be used quanhtabvely unless EPA Region VIII 

toxicologist approve their use for WETS nsk assessment 

Secondary sources of informahon may be used qualitabvely in HHRA Previous years of 

IRIS and HEAST may be reviewed to track changing values EPA toxicologists, both regional 

and nabonal, may also serve as informabon sources 
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6.1.1 Toxicity Assessment for Noncarcinogenic Effects 

Potenbal noncarcinogenic effects wlll be evaluated in the nsk characterization by companng 

dady intakes (calculated in the exposure assessment) with chronic RfDs developed by EPA This 

secbon provides a delinibon of an RfD and discusses how it will be applied in the nsk 

assessment 

A chronic RfD is an esbmate (wth uncerknty spanning perhaps an order of magnitude) of 

the dady exposure that can be mcurred dumg a hfebme, without an appreciable nsk of a 

noncancer effect being incurred in human populabons, including sensitive subgroups (EPA, 

1989a). The RfD is based on the assumpbon that thresholds exlst for noncarcinogenic toxic 

effects (e g , liver or ladney damage) It is a benchmark dose denved by applying of one or 

more order-of-magnitude uncertamty factors to doses thought to represent the lowest observed 

adverse effect level or no observed adverse effect level m humans Thus, there should be no 

adverse effects associated wth chromc dady intakes below the RfD value Conversely, if 

chronic datly mtakes exceed this threshold level, there is a potential that some adverse 

noncarcinogenic health effects might be observed m exposed individuals 

RfDs are typically calculated by dividmg a benchmark dose, at which there are no 

significant measurable effects produced, by an uncertillnty or safety factor that typically ranges 

from 10 to 10,OOO The RfD is rounded to one significant figure and is presented in units of 

mglkg-day 

RfDs have been denved by EPA for both oral and inhalation exposures However, in 

January 1991, EPA decided to replace inhalabon RfDs with Reference Concentrabons (RfCs) 

RfCs are expressed in terms of concentrabons in atr (mg/m3), not in terms of "dose" (mglkg- 

day) This decision was based on two factors- 1) EPA beheved that it was technically more 

accurate to base toxicity values dnectly on measured atr concentrabons instead of malung the 

metabolic, pharmacolanebc, and/or other adjustments required to esbmate an internal dose, and 

2) for compounds that ehcit route-of-entry effects (e g., sensibzers and imtants), where the toxic 

effect IS to the respiratory system or exchange boundary, EPA believed that a measure of 
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internal dose might inappropnately imply effects to other organ systems or effects from other 
exposure routes (EPA, 1993) 

The chromc oral and inhalabon RfDs and RfCs for the COCs should be compiled in a table 
for the HHRA report The table should also prowde mformabon on the uncertatnty factors used 

to denve the RfDs, the overall confidence m the RfD (as provided in IRIS), and the target 
organs and cntxal effects that are the basis of the IUD. The table should ala indicate how 
specific inhalabon RfDs are denved, (e g , through a route-to-route extrapolahon from the oral 

RfD or through extrapolabon from the RfC) An example of a table for presentahon of 
noncarcmogenic toxicity values and supporhng mformabon is provided as Table 6-1 

6.1.2 Toxicity Assessment for Carcinogenic Effects 

P0tentn.l carcmogemc nsks wdl be expressed as an esbmated probability thar an individual 

might develop cancer from hfehme exposure. Thls probabllrty is based on projected intakes and 

chemical-specific dose-response data called CSFs. CSFs and the esbmated dady intake of a 
compound, averaged over a hfebme of exposure, are used to esbmate the incremental nsk that 
an individual exposed to that compound may develop cancer. There are two classes of potenbal 
carcinogens- chermcal carcmogens and radionuchdes For the purposes of toxicity assessment, 
each of these two classes of elements or compounds are discussed separately 

6.1.2.1 Toxicity Assessment for Chemical Carcinogens - Evidence of chemical 
carcinogenicity onginates pnmady from two sources- lifehme studies with laboratory animals, 

and human (epidemiological) studies For most chemical carcinogens, animal data from 
laboratory expenments represent the pnmary basis for the extraplabon Assumptions relevant 
to the following issues anse from extrapolabng expenmental results 

Across species (1 e , from laboratory ammals to humans) 

From high-dose regions (1 e , levels to whch laboratory animals are exposed) to low- 
dose regions (1 e, levels to which humans are hkely to be exposed in the environment) 

Across routes of adrmnistrabon (e g , mhalabon versus ingesbon) 
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Federal regulatory agencies have tradihonally esbmated human cancer nsks associated with 

exposure to chemcal carcinogens on the adwstered-dose basis according to the following 
approach: 

The relabonship between the admmstered dose and the mcidence of cancer in animals 
is based on laboratory mmal bioassay results. 

The rehbonshp between the admuustered dose and the incidence of cancer m the low- 
dose range is based on mathemahcal models. 

The dose-response relabonshp is assumed to be the same for both humans and animals, 
if the administered dose is measured m the proper umts 

Thus, effects from exposure to high (1 e., admirstered) doses are based on laboratory 
animal bioassay results, while effects associated with exposure to low doses of a chemical are 

generally esbmated from mathemahcal models 

For chemcal carcmogens, EPA assumes a small number of molecular events can evoke 
changes m a single cell that can lead to uncontrolled cellular prohferabon and tumor inducbon 
This mechmsm for carcmogenens is referred to as stochashc, which means that there is 

theorebcally no level of exposure to a given chemcal carcinogen that does not pose a small, but 

finite, probability of generatmg a carcinogenic response Since nsk at low exposure levels 

cannot be measured directly either m laboratory arumals or human epidemiology studies, vmous 

mathemahcal models have been proposed to extrapolate from hgh to low doses (I e , to esbmate 

the dose-response relaoonship at low doses). 

Currently, regulatory decisions are based on the output of the lineanzed mulbstage model 

(EPA, 1989a) The basis of the lmeanzed mulbstage model is that mulhple events may be 

needed to yield tumor mducbon (Crump et al , 1977) The lineanzed multistage model reflects 
the biological vanabihty in tumor frequencies observed in mmal or human studies The dose- 

response relabonship predicted by th~s model at low doses is essenbally linear CSFs calculated 

for nonradiological carcinogens usmg the mulhstage model represent the 95% UCL on the 
probability of a carcinogenic response Consequently, nsk esbmates based on these CSFs are 
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conservabve esbmates representmg upper-bound eshmates of nsk where there is only a 5-percent 

probability that the actual nsk is greater than the esttmated nsk 

Uncemnhes in the toxicity assessment for chemical carcinogens are dealt with by 

classifymg each chemical into one of several groups, according to the weight-of-evidence from 

epidemiological studies and mmal studies These Groups are shown in Table 6-2 

Table 6 2  
Carcinogen Grou~s 

Group B Probable Human Carcinogen (Bl-limited evidence of carcinogenicity in 
humans; B2-sufficient ewdence of carcinogenicity in animals with inadequate 
or lack of evidence ~tl humans) 

Possible Human Carcmogen (hmited ewdence of carcinogenicity in animals 
and inadequate or lack of human data) 

Group D 

Group E 

Not Classifiable as to Human Carcmogenicity (inadequate or no evidence) 

Evidence of Noncarcmogerucity for Humans (no evidence of carcinogenicity in 
adequate studies) 

The oral and inhalabon CSFs for the COCs should be compiled in a table, including the 
weight-of-evidence, source reference, and date In addbon, as with RfDs, the CRAVE Work 

Group believes that a unit conversion is requued to present inhalabon CSFs in the units of 
(mg/kg-day)-* Consequently, CSFs should also be provlded for the inhalation route as unit nsks 

in units of "per rmcrogram per cubic meter" (pg/d)-* An example of a table for carcinogenic 

toxicity values and supportmg informabon is provided as Table 6-3 

6.1.2.2 Toxicity Constants for Radionuclides - Extensive literature exists that descnbes 
the health effects of radionuchdes on humans and animals Intensive research by nabonal and 

internahonal commissions has established universally accepted limits to which workers and the 
public may be exposed without chically detectable effects This literature has 
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resulted in EPA classifying all radionuclides as Group A carcinogens because they emit ionizing 
radiahon, which, at h g h  doses, has been associated with increased cancer incidence in humans 

For radionuchdes, human epidemological data collected from the survivors of the Hiroshma 

and Nagasala bomb attacks form the basis for the most recent extrapolahon by the National 

Academy of Sciences (1980) Conversely, for most nonradiological carcinogens, animal data 

from laboratory studies provide the pnmary basis for the extrapolahon Another fundamental 
difference between the assessment of potentd tomcity associated with exposure to radionuclide 
and nonradionuchde carcmogens is that CSFs for radioncuhdes are typically best estimates (mean 

or median values rather than upper 95th percentde values Furthermore, in the past, nsk factors 
for radionuclides have generally been based on fatahes (1 e , the number of laboratory animals 

or people who actually died from cancer), whde CSFs for nonradiological carcinogens are based 

on incidence (1 e , the number of lab animals or people who developed cancer). Finally, the 

CSFs for radionuclides are expressed in different umts, i e., nsk per pCi @Ci)-' rather than 

(mg/ kg-day)-' 

Radionuchde CSFs may be included in the same table as chemical carcinogens, however 
Example Table 6-3 also 

The nonthreshold radionuchde CSFs 

they should be grouped separately due to the differences in units 

provides example presentahon of radionuchde CSFs 
account for 

The amount of radionuclide transported into the bloodstream 

The decay of radioactwe progeny wthin the body 

The distnbution and retenoon of the radionuclide and its progeny (if any) in the body 

The radiatlon dose dehvered to specific organs and hssues 

The age and sex of the exposed mdividuals (EPA, 1993) 
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6.2 Developing Toxicity Profiles 

Toxlcity profiles wdl be developed only for COCs that do not have toxicity values in the 

The profiles should be coordinated with EPA and CDPHE current IRIS or HEAST 

toxicologists pnor to presentahon m the toxlcity assessment TM and the "RA report 

The profiles should be developed by a toxlcologist to present general and contaminant- 

specific mformahon on health effects relatmg to the "RA COCs General informahon should 

be provlded on the class of chemcal and its uses Specific mformahon should be presented on 

the effects reported in different studies, lncludlng exposure levels, biological endpoints, and 

dose-response. The strength of the studies should also be discussed, along with toxicity values 

and supporhng informahon on how EPA denved them. 

The following is an example toxlcity profile for carbon tetrachlonde, however, this example 

does not cite specific references. 

Carbon tetrachlonde is an orgamc solvent whch was, untd recently, widely used as 

an industnal and household cleanmg fluid. Recently, its household and industnal use 

has been severely restncted Carbon tetrachlonde, hke chloroform, has anesthehc 

propertm, which may lead to confusion and coma Liver damage may result from 

either acute or chromc exposure. Fatty liver and centnlobular necrosis readily 

develop at low levels of C ~ O N C  exposure, and in humans this is followed by ladney 

fadure, which may be the ulhmate cause of death. 

This compound has been more extensively studied regarding its toxic effects than any 

other aliphabc hydrocarbon. Carbon tetrachlonde may cause damage to the heart, 

liver, ladneys, and the central nervous system (CNS) after high oral or inhalation 

exposures At lower exposures, it may cause biochemical alterations (e g , liquid 

peroxidahon), nausea, and headaches The chronic oral RfD for carbon tetrachlonde 

is 7 x 10' mg/kg-day with an uncertamty factor of 1,OOO (to account for interspecies 
and mtrahuman vanabihty) At the lowest observed adverse effect level, exposures 
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to carbon tetrachlonde produced hver lesions in rats Although the pnncipal study 

from whch the RfD was denved was well done, and good dose-response data were 

avadable from a vanety of other studies, confidence in the RfD was judged to be 

medium smce supporhng studies on posslble reproduchve and teratogenic effects are 

not avadable An mhalabon reference concentrahon is not avadable in IRIS 

The carcmogenicity of carbon tetrachlonde, through both the inhalabon and ingestion 

pathway, has been established wth a variety of test animals and a number of gavage 

studies Carbon tetrachlonde has produced hepatocellular carcinomas in rats, mice, 

and hamsters It is classlfied as a Group B2 carcinogen with an oral CSF of 0 13 

(mg/kg-day)-' Since nsk esbmates generated from oral cancer studies varied by two 

orders of magxutude, EPA calculated the CSF uslng the geometnc mean of the 

avdable data to account for deficiencies in several of the studies The inhalahon unit 

nsk is 1 5 x lo5 (pg/m3)-' or 0 052 (mg/kg-day)-' The inhalation unit nsk is based 

on the oral exposure data and assumes a 40% absorpbon rate by humans Several 

studies of workers who may have used carbon tetrachlonde have suggested that these 

mdividuals may have an excess cancer nsk. 

A toxlcity profile should not be hmited to the type and depth of informabon provided in this 

example The depth of the toxicity profile should depend on the information avalable and the 

professional judgement of the tomdogist 

6.3 Preparing a Toxicity Assessment Technical Memorandum 

Accordmg to the agreement between DOE, P A ,  and CDPHE the TM on toxicity 

assessment will contam only mformahon on COCs that do not have toxicity information in IRIS 
or HEAST If toxicity informahon is avdable in IRIS or HEAST for all COCs, no TM is 

required If toxicity values have been denved, or when withdrawn or pending values are used, 

then a TM on toxlcity assessment is required to present informahon For these COCs, the TM 

on toxicity assessment should include tables of COC toxicity values for noncarcinogenic and 
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carcinogenic effects similar to example Tables 6-1 and 6-3 The toxicologist should include text 

with the tables explamng the denvahon of the toxlcity values along with toxicity profiles 
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7.0 RISK CHARACTERIZATION 

fisk charactemahon mvolves estrmatmg the magmtude of the potenhal adverse effects of 
COCs under study, and summarrzmg nsks to pubhc health fisk charactenzahon considers the 

nature and weight of evidence supportmg these nsk estmates and the magmtude of uncertamty 

surroundmg those estmates Ruk charactemabon combmes the results of the exposure and 

toxlcity assessments to provide numencal estmates of health nsk These estmates are 

compmsons of exposure levels with RfDs or estunates of the Metme cancer nsk for a grven 

mbke The process of charactemg nsk mcludes the followmg 

Conductmg quahtahve uncertamty analysis 
Conductmg quanhtatwe uncemty analysis 

Calculatmg and charactenzmg cancer nsk and noncarcmogemc effects 

7.1 Calculating and Characterizing Cancer Risk and Noncarcinogenic Effects 

To quantrfy the health nsks, the mtakes are fmt calculated for each COC for each 

apphcable scenano The central tendency and RME mtakes are calculated based on measured 

or modeled concentrahons, and use the methodology documented m the EPA’s RAGS (1989a) 

and lscussed m Secbon 5 The specfic mtakes are then compared to the applicable chemcal- 

specdic toxlcologcal data, d~scussed m Sechon 6, to d e t e m e  the central tendency and RME 

health nsks 

The health risks from each potenbal contaminant are calculated to fmt determme potenhal 

carcmogemc effects and secondly to determme potent& noncarcmogemc effects Each of these 

calculations are Qscussed m the followmg sechons 

7.1.1 Determining Carcinogenic Effects 

The followmg calculabons are used to determme carcmogemc effects by ob-g 

numencal estmates, (1 e , umtless probabhty) of hfetme cancer nsks 
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(7 1) 

where 

k s k  = Potentd hfetme excess cancer nsk (umtless) 
CSF = Slope factor, for chemicals (mg/kg-day)-', or radionuchdes @Ci)-' 
Intake = Chemcal mtake (mg/kg-day), or rahonuchde rntake @Ci) 

Inhalahon and oral mgeshon CSFs are used with respechve znhalahon and mgeshon mtakes 

to estmate nsks Chemcal CSFs are extrapolated from anunal expements and based on the 

95th percentde value, wMe mhonuchde slope factors are best estunates denved from human 

epidemiological studes 

Cancer nsks are summed separately across all potentd chemcal carcmogens and across 

all rachonucltdes considered m the nsk assessment usmg the followmg equahon 

RISK, = cRISKl  

where 

RISK, = Total cancer nsk, expressed as a umtless probabhty 
RISK = Bsk estmate for the I* contarmnant 

Th~s equahon is an approxmahon of the precise equahon for comblntng nsks to account 

for the probabhty of the same mdmdual developmg cancer as a consequence of exposure to two 

or more carcmogens As stated in RAGS (EPA, 1989a), the difference between the precise 

equation and this approxmahon is neghgble for total cancer nsks less than 0 1 Thls nsk 

summabon assumes mdependence of achon by the compounds mvolved Some lunitahons are 

posed by usmg this approach, and they are d~scussed m RAGS @PA, 1989a) For example, 

lunitahons apply when addmg potentd carcmogemc nsk across the pement weight-of-evidence 

cancer classes 

The software used to calculate the carcmogetllc nsks may be configured to pnnt a table 
Each table can show contammant and pathway-speclfic nsk rf of nsks for each scenano 
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contammants are presented m rows and pathways are presented by column After reasonable 

exposure pathway combmahons are idenwid, the hkehhood that the same mhviduals would 

consistently be exposed by more than one pathway is evaluated In most situahons a receptor 

could be exposed by several pathways m combmahon For these situahons, nsks may be 

subtotaled across pathways for each contammant 

Carcmogemc nsks should be summed separately for each weight-of-evidence classrficahon 

A total carcmogemc nsk may also be summed across weight-of-evidence classficaoons as an 

adhhonal pomt of reference In accordance with EPA guidance, only one si@icant dqgt is 

retamed when summanzmg calculated nsks @PA, 1989a) Table 7-1 provides an example table 

shell to document carcmogemc nsks Table 7-2 sums carcmogemc nsk by cancer group 

The HHRA text should reference each table and ducuss nsks that exceed the Nahonal 011 

and Hazardous Substances Polluhon Contmgency Plan (NCP) nsk range of 104 to lod (EPA, 

1990) Specfically, the pathways and contarmnants dnvmg the nsk, should be noted and 
accompmed by any necessary q w m g  statements The text should not repeat the entm table, 

but should summanze more notable results 

In addihon to presentmg the mcremental cancer nsks due to contammants at the site, 

perspechve may be provided by gvmg examples of typical background sources of nsk such as 

arsemc or radon and progeny Because the pubhc is often unaware of the numerous conservahve 

assumphons mvolved m an HHRA, the text should note the assumphons assocnted with the 

calculahons and reference the reader to the uncertatnty sechon 

A summary table presentmg nsk subtotals for all scenanos should also be created for the 

"RA nsk summary sechon Thu table may be presented by placmg the results for each 

scenmo m rows, and allowmg weight-of-evidence Group A, B, and C subtotals m the columns 

Table 7-3 provides an example table shell to document the nsk summanes 
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Chemical 

COC 1 

COC 2 

COC 3 

COC n 

Table 7-1 
RME Carunogexuc Rsk 

Pathway 1 Pathway 2 Pathway 3 Pathway n Total 

Cancer Group 

A 

B2 

C 

Total Rwk 

Table 7-2 

Summed Carcinogmc Risks by Cancer Group 

Rsk 
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scenario 

Table 7-3 
Summary of Point Eshmates of Caranogemc b k  

~ ~~~~ 

Total R s k  
(Groups) 

Dominant 
A B2 C Total Dominant COC Pathway 

&-Site Worker 

Future 
r 

Future On-S~tt 
Worker 

7-5 



DRAFT 

7.1.2 Determining Noncarcinogenic Effects 

Health nsks assocmted with exposure to mdwidual noncarcmogemc compounds are 

detemmed by calculatmg hazard quobents (HQs) and hazard mhces (HIS) The noncarcinogen 
HQ is the mho of the mtake mte to the RfD, as follows 

HQ = I N T W R f D  

where 

(7 3) 

HQ = Noncarcmogen hazard quobent 
Intake = Chemical mtake (mg/kg-day) 
RfD = Reference dose (mg/kg-day) 

Chromc RfDs are extracted from IRIS and HEAST Slmllat to CSFs, RfDs for mhalabon 

and oral mgestton are used for mhalabon and oral mtakes, respectwely 

HIS are the summed hazard quottents for each chemcal across the exposure pathways If 

the HI for any chemcal exceeds umty there may be concern for potend health effects The 
HI is calculated usmg the followmg equatton 

where 

HI = Hazard mdex 
E, 
RfD, = Reference dose for the 1"' toxlcant 

E and RfD are expressed rn the same umts and represent the same exposure penod 

= Exposure level (mtake) for the i* toxicant 

These HI values should not be mterpreted as stabsbcal probabhbes of an effect occurring, 
however, If the HI exceeds umty there may be a concern for potend noncancer effects In 
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general, the greater the HI above umty, the greater the level of concern However, the level 

of concern does not mcrease h w l y  as the HI approaches or exceeds umty Further Qscussions 

and h t ahons  on the apphcahon of ths procedure are contamed m RAGS (EPA, 1989a) 

Noncarcmogemc effects are presented m the HHRA text and tables s u n k  to those used 

m the presentahon of carcmogemc nsk Each table can show contarmnant and pathway-specfic 
effects If contammints are presented m rows and pathways are presented by column M e r  

reasonable exposure pathway combmahons are idenwied, the bkehhood that the same mdwiduals 

would consistently be exposed by more than one pathway is evaluated In most situahons, a 
receptor could be exposed by several pathways m combmahon For these situahons, HQs may 

be subtotaled across pathways for each contarmnant. 

HQs approachmg or exceedrng one are summed accordmg to target organ to calculate the 

total HI by target organ For a specfic receptor scenano, a total HI may also be summed across 

a l l  pathways and contarmnants as an adhhonal pomt of reference, but is subject to lunitahons 
As is the convenhon with carcmogemc nsk, only one signrficant h p t  is retamed when 

summanzmg calculated effects @PA, 1989a) Table 7-4 provides an example table shell for 
presentahon of HIS Table 7-5 sums noncarcmogemc HIS by target organ 

The HHRA text should reference each table and Qscuss hazard quohents that exceed umty 

Specfically, the pathways and contammants bvmg the nsk should be noted and accompmed 

by any necessary quahfymg statements The HHRA text should not repeat the en- table, but 
should summame more notable results 

A summary table presentmg HI subtotals for all scenanos should also be created for 

presentation m the HHRA nsk summary sechon Thls may be presented by placmg the results 

for each scenano m rows, and providmg mformahon on hazard mQces, dormnant COC, and 

dommant pathway m columns Table 7-6 provides an example table shell that can be used for 

presentahon of noncarcmogemc hazard 
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Table 7-4 
RME Noncaranogenic HI 

Table 7-5 
Summed Noncarcinogemc HIS by Taqet Organ 

ll HI 

Hepatic 

Kldney 

CNS 

Total HI 

7-a 



DRAFT 

On-Site Worker NIA I I I 

Table 7-6 
Summary of Point Estimates of Noncarcmnogemc Risk 

I 

T-€i Domrnant 
s-0 Dominant COC organ Pathway 

Future On-Slte 
Worker (Office) 

Nl A xx 
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7.2 Conducting Qualitative Uncertainty Analysis 

The quanMicahon of uncertamty is an important component of the nsk assessment process 

Accordmg to the EPA Guidance on Rrsk Charactenzanon for Rrsk Managers and Rrsk Assessors, 

pomt estmates of nsk "do not fully convey the range of mformahon considered and used rn 
developmg the assessment" @PA, 1992c) To provide mformahon about the uncertamhes 

assocnted with the RME estrmate, uncertamhes are identfied dumg the "RA process and are 

presented m quahtahve and, where appmpnate, quanhtahve terms 

There are four stages of analysis apphed m the nsk assessment process that can mtroduce 

uncertiunhes 

Data Collechon and Evaluahon 
Exposure Assessment 
Toxlcity Assessment 
fisk Chamctemhon 

The uncertamty analysis charactenzes the vanous sources and theu contnbuhons to 

uncertamty m the HHRA These unce-hes are dnven by uncemty m the site mvesugahon 

data, the hkehhood of hypothehcal exposure scemos, the transport models used to estmate 

concentrahons at receptor locahons, receptor rntake parameters, and the tomcity values used to 

charactem nsk Ad&honally, uncertiunues are mtroduced m the nsk assessment when 

exposures to sevefal substances across mulhple pathways are summed. 

The concept of uncertamty can be more fully defmed by &stmguishmg between variabfity 

and knowledge uncertamty Vanable parameters are those that reflect heterogeneity m a well- 

charactenzed populahon, for whch the Qstnbuhons would not generally be narrowed through 

further measurement or study Uncertiun parameters reflect a lack of mformahon about 

properties that are mvanant and whose smgle, true value could be known exactly by the use of 

a perfect measumg device Where appropmte, quahtative uncemty analysis may distmguish 

between vmablllty and uncemty 
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Quahatwe uncertamty analysis should identlfy each key source of uncertamty, present an 

estunate of the relame unpact of the uncertamty on the HHRA, and mclude any clanfymg 

remarks For many of the contnbutors, presentmg uncertamty 111 a tabular format is sufficient 

Table 7-7 provides an example format for summanzmg the uncertambes and lunitauons 
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use of mvalldated data 

Table 7-7 
Human Health b k  Assessment Uncertainty Factors 

May shghtly underestlmate nsk 

Identlficatlon of OU1 contnmmmts I May shghtly over- or 
underestimate nsk 

Detection hts /COC screentng 

May shghtly over- or I underestunate nsk 
Concentration-tomcity screen I 

May shghtly over- or 
underestunate nsk 

Data set completeness 

Sod-gas source tenn ~ S S U ~ P ~ I O I I S  May over- or underestmate nsk 

May shghtly over- or under- 
estmate nsk 

Natural miltration rate 

Moisture content 

May overestmate nsk 

May ovar- or underastunate nsk 

Vanabhty m atmud 

Plant uptake estimation 

Water table fluctuations 

Effect of rmcrometeorology on au 
dqersion 

May shghtly over or under 
estmate nsk 

May shghtly under or over 
est- nsk 

May shghtly over- or 
underestunate nsk 

May slrghtly over or under 
est- nsk 

Exposure scenano IL(uNmptloI1s 

Exposure parameter assumptions 

Receptor locations 

Exposure dumon 

May overestmate nsk 

May overestmate nsk 

May overestmate nsk 

May over- or underestunate nsk 
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Non chemcal-specfic constants 
(not dependent on chemcal 
properties) 

May overestunate nsk 
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Uncertamty Factor I Effect of Uncertamty 

Table 7-7 
(continued) 

Comment 

Exclusion of some hypothetical 
pathways from the exposure 
scenanos 

External radmtion 

PermeabAty coefficients 

Plant mgemon rate 

Model does not consider bimc 
decay 

May underesmate nsk 

May shghtly underestmate nsk 

May shghtly over- or 
underastunate nak 

May shghtly over- or 
underestmate nsk 

May overestmatc nsk 

Exclusion of transformatron 
products 

May over- or underestmate nsk I Cntical toxlcity values and ll classrfication of carcmogens 

May undorestunate nsk 

Use of cancer slope factors 

Cntical toxlcity values denved 
pnmanly from Blurrml studies 

Cntical toxlcity values denved 
pnmanly from hgh doses, most 
exposures are at low doses 

May overestmate nsk 

May over- or underestmate nsk 

May over- or underestmatc nsk 

I Lack of dermal absorption or 
dwect action toxlcitv values 

I May shghtly underestmate nsk 

Lack of rnhalation slope factors 

Use of oral slope factors to 
evaluate dermal absoqtion 
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Lack of RfDs or R E S  
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m an "RA For sources of uncemty requmng more discussion than is convexuent m a table, 

addihonal cMicahon may be provided m accompanymg text 

7.3 Conducting Quantitative Uncertainty Analysis 

In some cases, quanbtabve uncertamty analysis may be conducted m adhhon to the 

quahtative uncemty analysls Quanutatwe uncemty analysls wdl be performed on chemcals 

and/or sets of chemcals that have a carcmogemc nsk greater than 1 x 1cT or a noncarcmogemc 

HQ or HI greater than 1 To quanMy the uncertamty m the final nsk charactemahon estunates, 

Monte Carlo smulahons may be used for the pathways dommtmg the nsk 

The Monte Carlo smulation is a techque that can be used to prowde a probabhty 

funcbon of estrmated nsk usrng random values of exposure factors and tomcity values m an 

exposure scemo A Monte Carlo smulabon mvolves assigntng a jomt probabfity Qstnbution 

to the mput vmbles (I e , exposure factors) of an exposure scenano Next, a large number of 

mdependent samples from the assigned jomt distnbubon are taken and the correspondmg outputs 

calculated Thls is accomphshed by repeated computer iterahons usmg random numbers to 

assign values to the exposure factors The slmulated output represents a sample from the true 

output distnbubon Methods of stabsbcal mference are used to estmate, from the output 

sample, key parameters of the output distnbubon (e g , percentiles) 

The nsk dlstribuhons produced by Monte Carlo smulauons present sigmfkantly more 

mformahon than do pomt estmates However, the level of effort mvolved m conductmg a 

quantitahve uncertamty analysis should be weighed agmst the mportance of ths mformation 

to nsk managers 
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8.0 SUGGESTED HHRA REPORT ORGANIZATION 

After the four TMs and the CDPHE letter report are submitted, and after the nsk 
calculabons are completed, the HHRA report is wntten HHRA reports are generally wntten 
as "stand alone" documents for WETS and are wntten for members of the public with a 

college educabon The reports typically contam the following secbons 

Secoon 1 Introducbon 
Secbon 2 Site Descnpbon 
Secbon 3. COC Idenbficabon 
Secbon 4 Scenano and Pathway Idenbficabon 
Secbon 5 Exposure Assessment 
Secbon 6. Toxlcity Assessment 
Secbon 7. fisk Charactemabon 
Secbon 8 Summary 
Secbon 9 References 
Appendices 

TMs subrmtted before the "RA report address informabon on COC idenbficahon, 

exposure assessment, fate and transport models, and toxicity assessment Because the HHRA 
is a stand alone document, informabon from T M s  that are used in the HHRA report is 

restated in the "RA 

The following subsecbons descnbe the contents of each secbon of an HHRA report 

These subsecbons discuss only -mum mformabon for the "RA, addibonal informahon 

can be included that would better descnbe the methodologies, approaches, and results to the 

reader 

8.1 Section 1. Introduction 

Secbon 1 Introducoon of the "RA should provide the HHRA's purpose, scope, 

objechves, and the report organizabon 

Introducbon The Introducbon can also include a chronology of the previous invesbgations 

IAG requvements should be discussed in the 
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8.2 Section 2. Site Description 

Secbon 2. Site Descnpbon presents a bnef summary of the presentations and findings 

of the RI report that include a descnpbon of IHSSs, meteorology and climate, hydrogeology, 

flora and fauna, demographics and local land use, determinabon of contaminants, nature and 

extent of contammabon, and contaminant rmgrabon pathways Tables, figures, and maps can 

be used to summarize contamlnants and medm at the site, general and specific site areas and 

locabons, and contarmnant detecbon locabons 

The reader of the "RA report can be referred to the source documents (e g , RFI/RI report 

secbons) for further deml 

8.3 Section 3. COC Identification 

Secbon 3 COC Idenbficabon presents the methodology and its applicabon in the 

idenbficabon and selecbon of COCs A background companson is presented that discusses 

applicable stabsbcal tests and resultmg potenhal COCs If lengthy, this background 

cornpanson may be presented as an attachment The COC screening methodology is 
presented and apphed to denve a hst of COCs to be used in the remnnder of the nsk 

assessment Tables 3-1 through 3-8 provide examples of summary statstics, the COC 

screening process, the concentrabon-toxlcity screen, and the resultmg COCs 

8.4 Section 4. Scenario and Pathway Identification 

Secbon 4. Scenano of Pathway Idenbficabon discusses potenbal scenanos and 

pathways apphcable to the exlsbng and potenbal land use A discussion is provided for each 

current and potenbal on-site and off-site land use Potenbal receptors that could be exposed 

to COCs in the context of land uses discussed in Secbon 2 of the HHRA are then presented 

Finally, jusbficabon of the selecbon of exposure pathways according to the CSM is provided 
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8.5 Section 5. Exposure Assessment 

Secbon 5 Exposure Assessment first presents pathway-specific informabon such as 

intake equabons and modeling data, followed by mformabon that is both scenano-specific 

and pathway-specific such as exposure parameters and exposure concentrabons Where 

modelmg was used to provide the exposure concentrabons, a bnef summary of the model is 

provided. Fmally, the resultmg calculated are presented for each scenano Tables and 

figures can mclude model applicabons, chemcal-specific constants, intake equabons and 

parameters, and resultmg receptor mtakes Tables 5-2 and 5-3 m this HHRA methodology 
provide some presentauon examples 

8.6 Section 6. Toxicity Assessment 

Secbon 6. Toxicity Assessment provia COC toxlcity informahon including 

carcinogenic and noncarcmogemc effects Tables are used to summanze toxicity values for 

each COC, with toxlcity profiles presented as text 

methodology provide examples of summary tomcity mformabon 

Tables 6-1 and 6-3 in this "RA 

8.7 Section 7. Risk Characterization 

Sectlon 7 k s k  Charactenzabon presents the methodology and results of combining 

the results of the exposure and toxlcity assessments. These results provide numencal 

esbmates of potentral health nsk Considered in the approach are the nature and weight of 
evidence supportmg the nsk estlmates and the magmtude of uncemnty Tables and figures 

include presentabons of specific and summanzed carcinogenic nsk and noncarcinogenic HIS, 

summanes of sources of uncertamty, and the potenbal impact on the assessment Tables 7-1 

through 7-7 of this HHRA methodology provide examples of these nsk charactenzabon 

calculabons and observabons, and quahtabve uncertamty analysis 
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8.8 Section 8. Summary 

Secbon 8 Summary summanzes the methodology implemented for each secbon of the 

HHRA and the overall results Text, tables, and figures should summanze the entire HHRA 

into one secbon 

Secbon 8 can be wntten to be used for the HHRA porhon of Sechon 6 of the RI/RFI 

report This sechon of the RFI/RI report presents the BRA, which is compnsed of the 

"RA and the EE In addibon, porhons of the summary of the HHRA can be used for the 

executwe summary of the RFI/RI Report. Sechon 8 may include summary tables of nsk and 

discussion of nsk dnvers and associated uncertamhes 

8.9 Section 9. References 

Secbon 9 References lncludes all references used throughout the HHRA 

8.10 Appendices 

Appendices include addibonal informahon that would be helpful to the reader about 

the background, assumphons, or approach to any aspect of the HHRA The following list 

secbon bnefly descnbes suggested contents for appendices to the HHRA Addibonal 

appendices can be added. 

8 Background Comparison - Thls appendix discusses the background analysis 
process and results Using stahsbcal analysis, inorganic chemicals or 
radionuchdes that are at or below background levels are eliminated from 
further considerabon Specific cntenon for the background analysis is that 
none of the stahsbcal tests indicate a statxhcally significant difference between 
background and site-specific populatrons 

8 Fate and Transport Model Descriptions and Applications - This appendix 
provides a detaded descnphon of the models used in the HHRA including 
methodologies and assumphons Apphcabons of each model are descnbed and 
discussed 
modeling, and atmosphenc modeling 

Examples of models include ground-water modeling, soil-gas 
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8 Calculating of 95% UCLs for COCs - This appendix provides a bnef 
descnpbon of the methodologies and assumpbons used to determine the 95% 
UCLs for the COCs. It can also include tables to summarize the results of the 
calculabons for each COC 
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APPENDIX A 

DATA CLEAN-UP AND TREATMENT GUIDELINES 

Upon m p t  of RFEDS data, the user should verify the field postions of all vanables in the 
RFEDS ASCII output file. After verrfication, the ASCII file may be transformed mto data fields 
for a speclfic software (e.g., SAS, Lotus, Excel, SPSS, etc.) to be used in the data manipulabon. 
It is recommended that the user create successive generabons of the data files rather than just 
continually updatmg the original data file; thu simplifies data analysls if back-trachg is 
requed for any reason. To create successive generations of data files, the following procedure 
may be used. 

1. 

2. 

3. 

4. 

5. 

6. 

Create onginal data files fiom RFEDS ASCII files; these files contain the en- RFEDS 
data pull, includmg QC samples, qected data, etc. 

In the sclcond generation of data files, drop QC samples (except DUPs of DUP/REAL 
pairs), rejected data, blank form-generated records, tcntabvely identified compounds 
mw, -0 
In the RFEDS output format @e., for data extracted after February 21, 1994), the 
validated results, units, qdfiers,  and detemon hmts wdl automatidly replace the lab 
results, u t s ,  quahfiers, and detection limts. The validation code field ("Validation") 
mdicates whether the datum is acceptable (Validabon = A, V, or JA), or mjected 
(Validation = R), or otha. 

Treat results from samples requhg dilubon individually. Treatment of DIL data 
reqm the data analyst to find the analyte(s) that necessitated the dilubon; these should 
have a qualifier of "E" (for exceedance of calibrabon range). The DIL results(s) for the 
Equahfied analyte(s) should be used m the data analysis; other analytes may have results 
reported for the DIL sample analysis, but these results should be deleted if these analytes 
m the on@ undiluted sample were NOT qualified as "E". 

Standardm locabon names and sod umts. Standardization of analyte names and units 
are automabc in the RFEDS data output. 

From the second generation of data fields created m Steps 2, 3, and 4, create a thud 
generation of data file with averaged DUP/RJ%L pairs (change REAL value to the mean 
value of the averaged DUP/REAL par, then delete the DUP record). In the case of 
DUPs with no correspondmg REAL record, change "DUP" to "REAL". (NOTE: Pnor 
to averagmg DUP/REAL pairs, sort the data by LOCATION, SAMPLE NUMBER, 
SAMPLE DATA, and ANALYTE. Thls should bmg together all existing D U P W  
paus). 

From the data files created m Step 1, create a separate field wth QC data for analyss 
of data quality. Check the precislon and accuracy parameters including RPD for 
DUP/REAL paus and bm from field or laboratory blanks. Assess completeness by 
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GUIDE FOR CONDUCTING STATISTICAL COMPARISONS OF 
RFlvRI DATA AND BACKGROUND DATA 

AT THE ROCKY FLATS PLANT 
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Guide for Conducting Statistical 
Comparisons of RFI/RI Dm and Background Data 

At the RxLy F ?  Plant 

This document is intended to provide guid&E for OU-tebackgmund comparisons of data, and 
to exphcitly discuss approaches to the issue of determining 0 U - e ~  contaminanon. Tne OU- 
*background cornpanson wilt be applltd for inorganrcs and radionucbdcs. In addnon, th: 
cornpanson may occasrondly be performed for organics on a kmttd, castby-case basis, subject 
to EPA and CDH approval. 

It is important to establish a common approach leading to a common Est of posslble 
c o n k i a n t s  for each OU. To thrs end, Figu~z 1, GENERAL APPROACH TO 
DETER??IIXZ" "CONTPJmAhm" w2s developed. In this general ttchntque, a "Tool- 
Box" zpproach is employed to amvc at one a m m o n  list of con'armnants for each OU (or 
subdninon), for all funcnonal qcct s  of the RFL/RI znd CMSES. - 

I As m&czttd, smeral dlxnphes such as the H u m  H d t h  or E c o l o ~ d  h s k  Assessors w.d 
Regulator) sptx;Asts may pare the list of wnmnmants to ' C o n t ~ ~ ~ ~ n t s  of Conccm" (COC;) 
b& on factors germane to their applicztion (e.g., toxlaty). 

* -  - 
I 

---: The text below follows Figure 2, FLOWCHART FOR C0hfPAR.I" OU DATA TO 
I .=L-G BACKGROUKD. 
I 

- 
" - .  
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DQOs are established to defrnt data n d s  for tach of t!t FS/RI tasks, mrdinatr t!at 
colltcuon acnviues support those needs, and ensure the quality znd quantity of xuulmt aaa. 
Three stages rn used UI the development of DQ3s. 

Identifj Decision Types: 
Idenafy and mvolvc data users, 
Evaluate available data, 
Develop a conclpfilal model of the study site, and 
Spccify RFYRI oSjeztwes, and ant~cipatt the decisions nccessay to achievk the 
objecaves 

e 

Identify Data Uses and &e&. 
ldencQ dab uses, 
IdcnafL datz rypes, 
Idenuff dat2-quaht-y netds, 
Idem@ dataquantlry needs, 
Evaluztc samphg and anzlysis options, 2nd 
Review data precision, accuracy, xqmsentativm~~~, 
(?ARCC). 

Design Dsta ColIecticn Rogmn: 
Assemble data-coilectlon campncrrts, znd 
Develop dztzcoUEcQon documnatlon. 

Rata Collection and Volidatiop 

wmplttMtSs, and 



3 

c 

A 'preliminary' explo~atory data qpraisal will be performed to obtain a 'fed' for the data. 
T3.b will involve techniques and identification of i u u t s  such as: .. 

- 
Gross summary statistics 
Spahal m y s  
Temporal plots 
Sampling strategy comparabity evaluabon 
Affected media matrix 
f i t  ranos 
Nondetezt xates 
Detmon irmitlquantitahon limt issues 
Extent of data qdfications T, 'B', etc. 

DQO arlcquacy/complemess assessment 
HistogramslboxplotsJothcr visuals 

This step will help guide the need for, urd evaluate the appropriateness and apphczbaty of 
further analysis, evaluate zssumpnons, and 2scerkb the impacts and limitations in kght of the 
actual data as collectad. Information generated Curing the ocplorztory data appratsal u'J b= 
used in evaluating the appropriateness of the sap of tbr formal RFyIil proposal. Results u d  -1 

-5-- *.I be rnformaaonally ~ u s s c d  rn a meeting with EPA, CDH, and D O W O .  
u r , .  .I -.. 

,r-v.---- '. - - ,. 
*#.-"- .- ;.-.- Several data-presentation techniques wcrt identified by Dr. Gdbtrt 2s appropriate for &fierent - conchons. To perform them all for all compounds in z standud full SUE is not n-suy 
. - * -- when i t  is clear from a preliminary rtview that the yast mjonty of data points for some - compounds arc entirely or almost entirely nondc!==ts. 

Accordmgly, we have refined the mtthodology as follows: 

- .---- 
- -  

Box plots will be us& when the psmtage of nand-- is 50% or less. 



n e  tool-box q y o x h  employs a bounding-benchmark cornpison,  inferential ~~tistitics, r-Td 
profcssior.al pagement. I h s  a p p a c h  was f m w d d  in the OUI commci?t-rtsoluson p m ,  
endontd by Dr. G d b ,  and is aidcly appLJ in the h ~ ~ d o u s  waste i y d u s q  a d  
enwonmcn*d business across America It cmploys a 'wtight-of-cvidcnct' framewxl: whcrtin 

t. 
Statsbcians udl bc used to vcnfy that the methods usd zh cumct. 
211 three q s s  arc factored mto the actcrminaaon of what is a Sxtc (OU) csr. 

o A hot-mcasunmtnt t t~ t  will be perfomcd YM vr3l compare e . . h  andlyte conmtxation to 
an upper-krmt d u e  for that ural-vtr. 

o The upper-hrmt \due will be the \due at whch there is a 99% prob2bil1ty that 99% of the 
background drsmbution will be below this \due (U&& If the m119 cannot b: 
Otculattd or rtzsonably csamatcd, thtn b z c k p u n d  values from tdm~cal h m u x  zrld 

- piofes~ond judgement will be used. The resul3ng gtochemid rnttrprekbon of dzt2 WL!I - --c 

.a -4 - '.- -- - - - ' - - - be s u b j ~ t  to Agency renew and a ? p ~ a l .  -. -.u 
*---_-A_ 

-a_--. . 
- 0  

" 

0 



M on Dr. GiIbeJt's work, the following inferential ztatisr~cal ttsts will be used to wny.~.!..~ 
backpund && ssts to kt? sets compiled at the operable Uniu (OUs). C C h r ~ r  dzta t c ' ~  I .I, 
be conpried an4 compared by ar!dyte,-nd by 
dluvium, dluvicrn + CoUuvium, SUIfact toils, 
Populabons]) . 
Xt should be noted that Dr. Gilbcri's rtzommcndajons cstzbksh a framework that u n p h s z s  
unng the most qpropriate tLCt eva2ablc. Thus prclcessiorid judgerncnt bmdi be nexssz?.? bc% 
in a??licabon of rnfcrcntral -is, zs v.-& zs thtrr i n t q r c m m .  hddisordy, ur,thm the 
framework of s bzttcry of tests d r z w  from a 'tool box' of methods, i t  is rqucsted thzt E3A 
and CDH rcmn open to consultanon m the u of other tcsts as apprupmte. 

professional judgement. Th:s pioctts s Gcpictsd on Figure 3, BACKGROUb3 
COhiPAZUSOSS METH0DI)LOGY. 

If hot-mersurcmcnt or infercncal stztisazal tests t50w t!!2t the wnatranoz of 2 given dp 
in the OU data s=: is not wtzr than the wnmnaon in the b c k p u n d  kta set, zxi If 
wnsiderahons m the professional-judgtmct attm do nct ovtmde, then tne d y i i  zs cor.sid,= 
not to be a con*zmriant. 

If uther t'le hDt-mtzsurcmcnt tcsf or Pi ltzst one infermtld s t a t s ~ d  test shows th2t t !c  
concentanon of 2 gven uralyk in t!c OU data set may be p t c r  Pi? L ~ C  c x m m m 2 o n  m tk 
backpound data set, then professional ju6gement (iiang t empr id  and sp2hd znalyns, zs WCE 
zs pa.cin-rea,-ri.mon concecs) is q a a  q p k d  tci see li t!!t zip wc=nazzor?s in tit s ; o  

'a I 

data ses 2E zttdl) dlfftrmt. 

After the hot-musurernent t a t  znd prior t3 the cx of mfercntd stzQstxCzl tcstmg, the ~ J C  of 
n o n d e z t s  must be dealt wth for all ts.3 txcqx t!!e G = h  t s t ,  whch a b: q p k l  xith no?- 
detects present. For dl other ttsts, non-detcas should be rqiactd wth a \dut or 0.5 ~ m r  thc 

- 



6 

o Sbndard nonparamctri: ANOVA tests (Wdcoxcrn RtJ?1: Sum and -hsW-WaEs) arc wldc’p 
uKd m environmen*al assessment, and arr dlsmstd in EPA guicknct (Stattstrcal Andys:, 
of Groundwater Momtoring Data at RCRX FaCiliUU, Addendum to Inmm Fural Guicfan~, 
July 1992). Thtst tests quire rtplaccment of nondetcct YZIuts, uthtr by simplz 
subsurnon Oi maximum-IiUhhood methods. 

o For th: Gehm or nonparame*;ric ANOVA test, a p h d u t  will be p m a t d  and p-nlus th2t 
are mad to or less than 0.05 will nomally be w?sidertd mdicaavt of a a,mficzn: 
drffcrenze from background. Statements of the test and null hypotheses will be given, m 
both sansttctl and nanatwe tams. 

o The quat i l t  test is also a nonpaxzmetnc test 2nd can be conside& a a rzpid scrt=nhg test. 

o Dut to Lmiauons UI t!!e quulale tst, t!: est aill only be ustd rf the largest 20% of tht 
combined background L i d  s.te daa u e  acmts 

o A pvdue will be gen:m;lted and p - d u s  t ! t  2n yrsl to or less tkin 0.05 will indiczte 2 

s:_cx..cant uirirtxz from background Sraknents of t!e test md null hpothtses  u:J tt 
given, in both stansad z id  m ~ v e  ttrms 
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The 1-tst  is 2 paxametnc test and is very commonly used when testing the difference 
between m a s  of two dzta sets. 

Due to Lmitations in the t-test, the test will be applied in cases where both background 2nd 
OU data ue normally disnbuted and contain at least 20 data points, and less than205 of 
the background and OU data 2 f t  classified zs non-dcmts. 

A pvalue will be generated and pvalues that arc equal ta or less than 0.05 will i n d i a k  2 
significant diffcrcnc: from background. Statements of the test and null hypotheses ~ l l  be 
given, in both statlstlcal urd narrauvt terms. 

Professional Ju&meni 

The following general guidelines wil l  be used indimdually and collectively, in conjunction with 
I the above cornpanson and siiusucal 'tools' to d if a reported d y b d  dewuon(s) 

mnstttutts conminabon at the OU. Whcn professional judgement is applicd, documented and 

Spatial distribution of znzlytes above background zrc or arr not rndicauve o f  contamL.aaon 

I 

defensible evidtncc will be furnished, and DOE will bear the 'burden of proof". 
c 

I ' o 
due to waste-related acmnes at the OU. Spztlal plou, interpreted m a sourcc-tCrrccq(c0- 
conqmal  model, m adcioon to compound-specific mobihty conndcnaons, generally 2fsis; 

m mtcrpretatlon of inconclusive hsults. 

o Temporal Wribution cf analyte conctnttations at  a station indicztrs the 'high' \lalue(s) 
is(are) outher(s). Time-s:nes plots at wells or surf=-um&r locabons can generally be used 
to lvlk apputntly insigmficznt outher wrts to sasonal or hydrological phcnomsiz, ma 
vice versa. 

o Other afsxkted analps  arc dcttrrmntd not to be contamkiiits in the sample or at thz 
stahon. Then this may 5: added to cumulmvc cvidenzt ('btlrdcn of proof") that the 2-d;~ 
m questlor, is not a potentla! ~ n m m z n t  G' c3nc:m. Rttcrs-rrzo&tion c o x c ~ t s  x 
useful in idcntlfpg anomdies 2s well as cmfknhg 'fingcrpnnt' Essoĉ xations. 

i 
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1.0 INTRODUCTION 

Vanous areas at the Rocky Flats Plant (RFP) are berng closed andor remediated m 
accordance with the provisions of the 1991 Interagency Agreement (IAG) signed between the 
U S Department of Energy (DOE), the U S Envuonmental Protectlon Agency (USEPA), and 
the State of Colorado (IAG 1991) to e m  protectlon of human health and the envlronment 
The LAG mtegrates the closure and correctlve action provisions of the Resource Conservatlon 
and Recovery Act (RCRA) and the Colorado Hazardous Waste Act (CHWA) with the hazardous 
substance response requuements contamed m the Comprehensive Envuonmental Response, 
Compensatlon, and Liabdity Act (CERCLA) The vanous areas to be closed or remediated, 
called Individual Hazardous Substance Sites (IHSSs), are divided rnto 16 Operable Umts (OUs) 

DOE is m the process of conductmg a RCRA Facllity InvestigatioxdRernedial 
Investigatlon (RFI/RI) and Correctlve Measures Study/Feasibdity Study (CMS/FS) for each OU 
to select the most appropnate remedy for each OU In order to identify, evaluate, and select 
a remedial altematlve, the Natlonal 011 and Hazardous Substances Pollution Contlngency Plan 
(NCP) states that "Altematlves shall be developed that protect human health and the envvonment 
by recyclmg waste or by ellmrnatmg, reducmg, andor controllmg nsks posed through each 
pathway by a site " The number and type of altematlves to be analyzed shall be d e t e m e d  at 
each site, talung mto account the scope, charactenstics, and complexity of the site problem that 
is bemg addressed. In developmg and, as appropnate, screemg the alternatives, the lead 
agency shall establish remedial actlon objectwes specifymg contarmnants and media of concern, 
potential exposure pathways, and remediatlon goals '* [See 40 CFR 300 430(e)(2) ] 

Thls document addresses the establishment of programmatic remediation goals whtch are 
contammant- and medium-specific levels of exposure that are protective of human health The 
combmtlon of the Baselme h s k  Assessment (BRA) results, Applicable or Relevant and 
Appropnate Requlrements (ARARs), and To-&-Considered documents (TBCs) are used as the 
basis to establish the remediatlon goals approved by the regulatory agencies m the Record of 
Decision (ROD) CERCLA Section 121 and 40 CFR 300 430 allow the followmg factors to be 
considered when establishmg remediation goals 

a Chemcal-specific standards established pursuant to a Federal envlronmental law 
or any promulgated State standard whtch is more stnngent than a Federal standard 
are to be used to establlsh remediation goals These envlronmental laws mclude, 
but are not lmted to, the Toxic Substances Control Act, the Safe Dnnluag Water 
Act, the Clean Alr Act, the Clean Water Act, the Mame Protection, Research 
and Sanctuanes Act, and the Solid Waste Disposal Act In addition to the 
promulgated standards, the followmg items should be considered 

For systemic toxlcants, remediation goals are to be established so that the 
human populatlon, mcludmg sensitive subgroups, may be exposed without 
adverse effect through a given lifetme (1 e , Hazard Index less than 1 0) 
Remediatlon goals are to mcorporate an adequate margrn of safety 
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- For known or suspected carcrnogens, remediatlon goals are to be 
establlshed to represent an excess upper-bound llfetme cancer risk to an 
rndividual rangmg from lo4 to lo4 usrng mfomtlon on the relatlonshp 
between dose and response. The lo4 nsk level shall be used as the porn 
of departure for determmmg remediatlon goals for alternames when 
specrfc ARARS are not avllaable protectlve due to multlple 
contammants or exposure pathways [NOTE. In cases where the 
chemrcal-speclfic ARARs result m a curnuhave nsk m excess of 104, 
more restnctlve remediatlon goals may be establlshed ln accordance with 
thls provision.] 

- Factors related to uncertatntles, techcal lmtatlons (I e , detectlon 
huts), and other pertment mfomtlon. 

e Non-zero Max~mum Contarmnant Level Goals (MCLGs), where d e t e m e d  to 
be relevant and appropnate, are to be attamed by remedial actions for ground or 
surface waters that are current or potentlal dnnluug water sources For MCLGs 
set at zero, the correspondmg Maxmurn Contarmnant Level (MCL) is to be 
attamed when d e t e m e d  to be relevant and appropnate 

An Alternative Concentratlon L m t  (ACL) can be established pursuant to 
CERCLA Section 121 

$ 

e 

e Water quality standards established under the Clean Water Act Sections 303 and 
304 are to be attamed for releases to surface waters to be protectlve of aquatic 
life where detexmmed to be relevant and appropmte 

e Fauna, flora, and aquatic habitats are to be considered dumg the establishment 
of the remediatlon goals Envlronmental evaluations are to be conducted to assess 
threats to the envlronment, especially sensitlve and cntical habitats protected 
under the Endangered Species Act 

To the extent possible, chemcal-specific ARARs are used to d e t e m e  remediation 
goals However, ARARs may not adequately consider the site-specific contammation or the 
cumulahve effects associated with multiple contarmnants and/or pathways Therefore, chemcal- 
specific ARARs are not always the sole d e t e m t  of protectiveness and are supplemented with 
nsk assessments and consideration of other non-promulgated health-based cntena The nsk 
assessment process lncludes the evaluatlon of site-specific factors such as potential for exposure 
(e g , future land use), the hazardous substances present, and the presence of sensitive 
populatlons and habitats These factors wdl be considered dumg the development of the OU- 
speclfic BRA 

DOE proposes to develop Rsk-Based Programmatlc Prel- Remediation Goals 
(PPRGs) whxh wdl establish lnttial sitewide clean up targets for each envlronmental medium 
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The nsk-based PPRGs mcorporate BRA methodologies accepted on a sitewide basis This report 
presents the purpose for nsk-based PPRGs and methods used to calculate them. Section 2 
provides mformatlon regardmg the mtended current and potentlal future uses of the nsk-based 
PPRGs Section 3 0 descnbes the exposure pathways and methodology used to calculate the 
nsk-based PPRGs Section 4 0 provides references for the toxlcological mformatron used for 
each specrfic contarmnant Sectlon 5.0 gives a comprehensive list of nsk-based PPRGs that are 
proposed to be used to develop and screen remedul technologies and alternatlves 

2.0 PURPOSE OF RISK-BASED PROGRAMMATIC PRELIMINARY 
REMEDIATION GOALS 

As stated m Sectlon 1 0, the intended purpose for calculatmg nsk-based PPRGs is to 
establish sitewide clean up targets for envuonmental contamrnants The calculatlon of nsk-based 
PPRGs is possible through the standardlzatron of exposure pathways and nsk assessment 
methodologies The benefits associated with developmg nsk-based PPRGs mclude* 

e Support the CMS/FS process by allowmg the development of remedial 
technologies and altematrves to proceed without an OU-specfic BRA, 

e Support the Contaminant of Concern (COC) selection process wittun the BRA by 
providmg "fisk-Based Concentratlons" , 

e Support the Colorado Department of Public Health and the Environment 
(CDPHE) conservative screen w i h n  the BRA, and 

e Support the evaluatlon of sites where accelerated cleanup actions may be 
warranted 

In order to assure consistency with current nsk assessment methodologies, Exposure 
Scenano Techcal  Memoranda were evaluated for use rn the nsk-based PPRG selecfion 

Although there IS a certam level of nsk associated with developrng remedial technologies 
and altematlves pnor to fully charactenzmg the nsks assocnted with the OU contammation, the 
programmatic approach is consistent with the NCP Specifically, 40 CFR 300 430(e)(2)(1) states 
that, " mmtially, prelumnary remediation goals are developed based on readlly available 
mformation, such as chemcal-specific ARARS or other reliable mformation Prellrmnary 
remediatlon goals should be modified, as necessary, as more mfoxmation becomes available 
dunng the Remedial InvestlgatlodFeasibllity Study (RI/FS) Flnal remediation goals will be 
detenrmned when the remedy is selected " 

The "off-the-shelf" nsk-based PPRGs will form the ut ia l  basis for identifymg, 
screerung, and evaluatmg potential remedial technologies and alternatives However, the nsk- 
based PPRGs are not mtended to be the final justificatron for selectmg a particular remedial 
alternative Should the final BRA mdicate that the nsk-based PPRGs are not representative of 
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the actual nsk posed by the contarmnatlon at the OU, the requlred changes wdl be mcorporated 
as early as possible dumg the Development and Screemg of Alternatrves or Detaded Analysrs 
of Altematlves 

The extensive amount of data at each OU warranted a process that would reduce the 
number of chemcals needmg assessment in the BRA USEPA, CDPHE, and DOE therefore 
approved a process by whtch COCs could be delmeated at a site One part of thu process 
evaluates low detection frequency chemcals with respect to a fisk-Based Concentratron (RBC) 
value The value to be used for the RBC WIU be taken from the nsk-based PPRG list usmg a 
residentral scenano. 

Data aggregatron within an OU has been discussed between USEPA, CDPHE, and DOE, 
and an agreement has been reached on how thls data aggregatron rs to be performed. To meet 
CDPHE requlrements for data aggregatron, the whole OU area 1s divided mto sub-areas called 
“sources ” Source area dellneation 1s based on the envmnmental media data from the OU. 
After source areas are delmeated, a nsk-based screemng process is performed for each source 
area Ths screemng process wdl use the residential exposure scenano values withm the nsk- 
based PPRG list. 

As requlred by Sectlon IX.A.l of the IAG Statement of Work, DOE is to develop 
Corrective/Remedial Actron objectrves for each OU and document these objectives m OU- 
specific Tecbca l  Memoranda for submlssion to USEPA and/or the State for review The 
objectives are to specify the contarmnants and media of mterest, exposure pathways and 
receptors, and USEPA and State accepted levels or ranges for each exposure route The nsk- 
based PPRGs will be used m conjunchon with chemcal-specific ARARs to establish acceptable 
PRGs for each OU These acceptable levels or ranges (e g , OU-specific PRGs) wdl be 
documented m the form of a Techcal  Memorandum 

It is projected that a nsk-based evaluation will be needed to screen OUs for potential 
early actions Thls screemng evaluatron wrll need to employ nsk-based cleanup targets so that 
areas can be ranked with respect to human health nsks Also, hgh nsk sites wlll need to be 
assessed with respect to the amount of cleanup requlred. It is projected that the nsk-based 
PPRGs wdl be utlllzed for both of these exercises withm an accelerated clean-up framework 
Based on the CDPHE conservative screen, accelerated actions may be mplemented at sites 
where the cumulative nsk rabo is greater than 100 

3.0 EXPOSURE PATHWAYS 

In order to standardlze the nsk-based PPRGs across all of the OUs, programmatic 
exposure pathways and receptors were established Table 1 identifies the receptors and exposure 
pathways selected for each envlronmental media A sand and gravel rmnrng scenano is berng 
e x w e d  for the possible mcorporabon mto the nsk-based PPRG document. If it 1s deterrmned 
that b s  exposure scenano is requued, the nsk-based PPRG document will be revised 
accordrngly In additron, dermal exposure wlll be considered dumg the CDPHE conservative 
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screen 111 accordance with DOE/USEPA/CDPHE agreements Should the results of the CDPHE 
conservative screen mdicate that the cumulative nsk ratro is less than one, dermal exposure wlfl 
be assessed per USEPA demal exposure assessment guidance (USEPA, 1992) 

Standard assumpOons given m fisk Assessment Guidance for Superfund (RAGS), Part 
B (USEPA, 1991) were used m developmg nsk-based PPRG equaQons where avadable For 
situa~ons not addressed by RAGS, Part B, standard assumptrons given m RAGS, Part A 
(USEPA, 1989) were used. In addmon, site-speclfic mfoxmatlon from Exposure Scenario 
Techcal  Memoranda for OUs 1 through 7 was used where appropnatc to supplement 
assump~ons given m USEPA guidance Best professional judgement was applied when default 
values dfiered from site-speclfic mformabon 

In addition to USEPA and site-speclfic mfoxmahon, CDPHE guidance (Intenm Final 
Policy and Guidance on Risk Assessments for Correchve Achon at RCRA Facilihes) was 
consulted for exposure pathways and parameters W e  thls guidance has not been finalized, 
it was reviewed and CDPHE was consulted on its use dunng development of the nsk-based 
PPRG equaaons 

Due to the many programs that these nsk-based PPRGs wlll support, elements from 
USEPA and CDPHE guidance, as well as site-specific mformatlon, were used to develop the 
nsk-based PPRGs Tlus compromse approach wlil assure that all objectives of the document 
are met whle mamtallllng the health protectweness of the nsk-based PPRGs 

4.0 METHODOLOGY, EQUATIONS, AND ASSUMPTIONS 

Ths section presents the methodology, equations, and assumptions that were used to 
calculate the nsk-based PPRGs In general, the followmg USEPA guidance documents were 
used as the basis to denve the nsk-based equatrons and exposure default values to calculate the 
nsk-based PPRGs 

0 Human Health Evaluahon Manual, Part B Development of Risk-Based 
Preliminary Remedmhon Goa&, (USEPA 1991), 

e Risk Assessment Guidance for S u p e m ,  Volume I Human Health Evaluahon 
Manual (Part A), (USEPA 1989); 

0 Changes to Equahons in the Part B Guidance, (Dman 1992), 

0 Revisions to Chapter 4 Risk-based PRGs for Radioacnve Contaminants, (USEPA 
1993b), and 

a Human Health Evaluahon Manual, Supplemental Guidance. Standard Defoult 
Ecposure Factors, OSOVER Direchve 9285 603, (USEPA, 1991b) 
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To ensure that all  of the contamrnants that may be encountered at the RFP are addressed, 
nsk-based PPRGs were developed for all Target Analyte List (TAL) metals, Target Compound 
Lut (TCL) organics and 12 radionuclides for each receptor (1 e , resident, office worker, 
construcbon worker, and ecological researcher) and envlronmental media (i e , surface sod, 
subsurface sod, ground water, and surface water) combmQon identified on Table 1. Separate 
nsk-based equatlons were developed to account for the carcmogemc, noncarcmogemc, andor 
radiological effects of the contarmnant. Wk-based PPRGs for capcmogens (mcludmg 
radionuclides) were calculated by s e m g  the carcmogemc target nsk level at 106 A target nsk 
level of lob means an dividual has a one-m-one-&ion probabkty of developmg cancer over 
a lifetune as a result of exposure to a specdic contamrnant This nsk IS m additlon to the 
probabdity of an individual developmg cancer from other factors such as those associated with 
heredity or lifestyle Slrmlarly, nsk-based PPRGs for tomcants (non-carcmogens) were 
calculated by s e m g  the hazard wfex equal to 1 for each contarmnant. A hazard mdex is the 
ratio between the contarmnant concentrabon and a reference dose The reference dose represents 
the exposure level to the contarmnant below whch adverse effects are not expected For some 
of the ContarmnaLltS both carcmogemc and noncarcmogemc toxicity mformabon was avadable 
For these contaminants, both a carcinogentc and noncarcmogemc nsk-based concentratron were 
calculated and the more restrrctlve value was used as the nsk-based PPRG The nsk-based 
equabons for radiological effects were used to calculate the nsk-based PPRGs for the 12 
radionuclides 

The nsk-based PPRG equabons include all of the exposure pathways (e g , Dlrect 
Ingestion of Sods) luted m Table 1 for each exposure scenano/envlronmental media 
combmtmn, separate nsk-based PPRGs were not be calculated for each exposure pathway 
When avallable, USEPA-specdied default values were used to calculate the nsk-based PPRGs 
In the absence of USEPA guidance on specific parameters, site-specific default values were 
established based on previous DOE reports on specific operable un~ts 2 

4.1 Surface Soils 

Exposure pathways, equabons, assumptions, and default values used to calculate the 
surface sod mk-based PPRGs for each receptor scenano are presented m thls section The 
receptors considered lnclude residentd use, office worker, and ecological researcher The nsk- 
based equabons for all  receptors mcluded the following exposure pathways 

0 Dlrect mgestlon of soils contammated with orgmc and morgmc (includmg 
radionuclides) contarmnants, 

e Inhalation of non-volatde orgaruc and morgmc (mcludmg radionuclides) 
parhculates, and 

e External radntion exposure due to radionuclide contammnts 
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4.1.1 Residential Exposure 

For the residentlal exposure to surface sod, a combmed adult and chdd exposure was 
assessed for the sod mgestlon pathway All other pathways were based on an adult exposun 
O d Y  

The equatlons and assumptlons used to denve nsk-based PPRGs for surface soils with 
carcmogemc COCs are shown on Table 2, and the correspondmg equatlon for COCs wth 
noncarcmogemc effects is shown on Table 3 Table 4 shows the equatlon used to calculate risk- 
based PPRGs for radionuclides All default values were based on USEPA guidance. 

4.1.2 CommerciaVIndustrial Exposure 

For the commercialhdustnal exposure to surface sods, an office worker receptor was 
assessed The equatlons and assumptlons used to denve the nsk-based PPRGs for surface sods 
are shown on Table 5 for COCs with carcmogemc effects, on Table 6 for COCs with 
noncarcmogemc effects, and on Table 7 for radionuclides All default values were based on 
USEPA guidance 

4.1.3 Ecological Researcher Exposure 

The nsk-based PPRG equations and assumptlons for exposure of an ecological researcher 
to surface sods are shown on Tables 8,9, and 10 for potent& carctnogens, noncarcmogens, and 
radionuclides, respectively Because the ecological researcher is a site-specific receptor, site- 
specific exposure assumptlons were developed Specifically, the exposure frequency and 
duration were based on site-specific mfonnation Other exposure assumptions were based on 
USEPA guidance permrung to a commercialhdustnal land use Scenano 

4.2 Subsurface Soils 

Th~s sectlon presents the exposure pathways, equations, assumptions, and default values 
used to calculate the subsurface sod nsk-based PPRGs Only a constructlon worker scenano 
was considered for t h ~ ~  envrronmental media and the nsk-based PPRGs were based on the 
followmg exposure pathways. 

e Dlrect mgestion of soils contammated with orgaxuc and morgaxuc (includmg 
radionuclides) contammmts, 

Inhalatlon of non-volatde orgmc and morgaxuc (mcludmg radionuclides) 
partxulates, 

e External radiatlon exposure due to radionuclide contarmnants; and 

e Inhalatlon of volatdes 
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4.2.1 Residential Exposure 

A scenano mvolvmg residentlal exposure to subsurface sods was not considered to be 
credible and was therefore not lncluded m the calculation of nsk-based PPRGs 

4.2.2 CommerciaUIndustrial Exposure 

The nsk-based PPRG equatlons and assumpuons are shown on Tables 11,12, and 13 for 
potentlal carcmogens, noncarcmogens, and radionuclides, respectively USEPA guidance does 
not specify exposure assumptlons specrfic to a constructlon worker receptor Therefore, site- 
specrfic mformatlon was used to develop assumptlons for exposure frequency and exposure 
duratlon All other exposure assumptlons were based on USEPA guidance for a 
cornmercialhdustnal land use scenano 

For the pathway mvolvmg mhalatlon of volatdes, a volatduatlon factor was calculated 
accordmg to USEPA guidance as shown m Table 14 The volatliuatlon model 1s applicable only 
rf the sod concentratlon 1s at or below soli saturatlon Thus, for those compounds for which the 
nsk-based PPRG exceeds the soli saturation h u t ,  the nsk-based PPRG is set at the soil 
saturatlon l m t  The soli saturauon was calculated as shown on Table 15 

4.2.3 Ecological Researcher Exposure 

The llkelrhood of havmg an ecological researcher exposed to subsurface soils was not 
considered to be credible and was therefore not lrlcluded m the calculation of nsk-based PPRGs 

4.3 Ground Water 

"Ius secuon presents the exposure pathways, equations, assumptions, and default values 
used to calculate the ground water nsk-based PPRGs Residentlal use of the ground water was 
the only receptor considered The nsk-based equatlons mcluded the following exposure 
pathways 

Drrect mgestlon of ground water contammated with orgamc and morgmc 
(mncludmg radionuclides) contarmnants, and 

Inhalatlon of volatde orgamcs dunng domestlc use 

4.3.1 Residential Exposure 

The equations and assumpnons used to denve nsk-based PPRGs for residential use of 
ground water are shown on Table 16 for carcmogens, Table 17 for noncarcmogens, and Table 
18 for radionuclides All default exposue assumptions were based on USEPA guidance 
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TABLE 14 
SUBSURFACE SOIL - CONSTRUCTION WORKER 

VOLATILIZATION FACTOR 

where, 

Vanable 

VF 
Ls 
V 
DH 
A 
Del 

pa 
pt 
0 
s 
PI 
K, 

T 
D, 
H 
I(d 
K, 
oc 

( L s x  " Dm x (3 14 x a x: T)'P w =  
2 x Dd x Pa x Ka 

volatdmtion factor (m3/kg) 
length of side area (m) 
wmd speed 111 mmng zone (m/s) 
diffusion height (m) 
area of contaminatlon (cm') 
effectwe dlffusivity (cd/s) 
an-filled sod porosity (umtless) 
total sod porosity (umtless) 
sod moisture content (cm3/water/g-sod) 
sol1 bulk density (g/cm3) 
true sod density or particle density (g/cm3) 
sod-alr pmQon coefficient (g-soacd-an) 

exposure mterval (s) 
d i h i v i t y  111 au (cm2/s) 
Henry's Law constant (am-m3/mole) 
sod-water pmtlon coefficient (cm3/g) 
orgmc carbon partiQon coefficient (cm3) 
orgmc carbon content of sod (fracbon) 

Default Value 

- 
45 
2 
2 
20,250,000 
D, x (P,'33/P,2) 
P, - eB 
W / P J  
10% or 0 1 
1 5  
2 65 
(WKd) x 41, ,11 is a 
conversion factor) 
7 9 x 108 
COC-specific 
COC-specific 
& X O C  
COC-specific 
2 % o r O 0 2  

Source Dman, 1992 
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TABLE 15 
SUBSURFACE SOIL - CONSTRUCTION WORKER 

VOLATILIZATION FACTOR - SATURATED CONDITIONS 

where. 

Vanable 

H 

ExDlanation (UmtS) Default Value 

sod saturaoon concentratlon (mgkg) 
sod-water pmtlon coefficient (L/kg) & X O C  
orgmc carbon parhoon coefficient (L/kg) 
orgaruc carbon content of sod fractlon 
upper-lmt of free moisture 111 soli (mg/L water)S x 0, 
sod morsture content (kg-watedkg-sod) 
solubdity 111 water (mg/L water) 
sod bulk density (kg/L) 1 5  
water filled sod porosity (umtless) 
ax-filled soil porosity (wtless) 

total soil porosity (umtless) 

2% or 0 02 
COC-specfic 

10% or 0 1 
COC-SpeClfiC 

pt - p a  
P, -00 
10% or 0 1 
1 - (fi/PJ 
2 65 
H x 41, (41 is a 
conversion factor) 

sod molsture content (L water/kg sod) 

true sod density or partlcle density (lcg/L) 
Henry’s Law constant (umtless) 

Henry’s Law constant (atm-m3/mole) COC-specific 

Source Dman, 1992 
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4.3.2 CommercialIIndustrial Exposure 

A scenano mvolvmg commerciaYmdustd exposure to ground water was not considered 
to be credible and was therefore not mcluded m the calculauon of nsk-based PPRGs 

4.3.3 Ecological Researcher Exposure 

A scenano mvolvmg exposun of an ecological researcher to ground water was not 
considered to be credible and was therefore not lncluded m the calculahon of nsk-based PPRGs. 

4.4 Surface Water 

Ths section presents the exposure pathways, equauons, assumptions, and default values 
used to calculate the surface water nsk-based PPRGs for each receptor s c e m o  The receptors 
considered lnclude residential use and ecological researcher. The nsk-based equauons for the 
residemal receptor were based on exposure vta swmmng, whde the nsk-based equations for 
the ecological researcher were based on exposure via wadmg For both receptors, the exposure 
pathways lncluded d m t  mgestlon of surface water. 

4.4.1 Residential Exposure 

The equauons and assumptions used to denve nsk-based PPRGs for residential exposure 
to Surface water whde swvnmlng are shown on Tables 19 through 21 for carcmogens, 
noncarcmogens, and radionuclides, respectively All assumpuons were based on USEPA 
gU1- 

4.4.2 Commerual/Industrial Exposure 

The llkellhood of havmg a commerciaUmdustnal exposure to surface water was not 
considered to be credible and was therefore not mcluded m the calculauon of nsk-based PPRGs 

4.4.3 Ecological Researcher Exposure 

The nsk-based PPRG equaQons and assumptions for exposure of an ecological researcher 
to surface water wbde wadmg are shown on Tables 22 through 24 for carcmogens, 
noncarcmogens, and radionuclides, respecuvely USEPA guidance does not provide default 
values specific to thu receptor Therefore, site-specific mformation was used to detexmme 
exposure frequency and durauon All other exposure assump~ons were based on USEPA 
guidance for swlmmlng 

27 



n 

M r! 
E W 

28 



II  

. 

29 
- - 1  



30 



Y 
I a c 
Ef 

c 
3 

31 



- s s 
' a  

Y - 
a e 

E 0 
n 

a 
(d 
P P 

P 3 

32 



E 

Y 
c a c 
e; 

II 

33 



5.0 CONTAMINANT TOXICITY INFORMATION 

The COC-specific toxicology values used for the calculation of the nsk-based PPRGs are 
presented 111 Table 25 The toxicity mformauon used to calculate the nsk-based PPRGs lncluded 
the slope factor and u t  nsk for evaluatrng carcmogemc effects and the reference dose (RfD) 
and the reference concentration (RfC) for evaluatmg noncarcmogemc effects Toxicity values 
were obtamed from the latest mformauon contamed on the Integrated R s k  Information System 
(IRIS) If values were not avadable from IRIS, the Health Effects Assessment Summary Tables 
Annual Update, (USEPA 1994a) was consulted Values for polycyclic aromatic hydrocarbons 
were calculated usmg USEPA guidance enutfed Provisional Guidance for Quantitarive Risk 
Assessment of Polycyclic Aromanc li@drocarbons (USEPA 1993c) 

6.0 RISK-BASED PROGRAMMATIC PRELIMINARY REMEDIATION GOALS 

For each potential COC, the calculated mk-based PPRG for the exposure scenano (I e , 
receptor and environmental media combmauon identlfied on Table 1) are given on Table 26 
Where a chemical has both carcmogemc and noncarcrnogemc effects, the more smngent of  the 
calculated nsk-based levels was selected as the nsk-based PPRG The calculated nsk-based 
PPRGs are generally pertinent to all of the OUs should the contarmnant be identlfied as an OU- 
specific COC However, OU-specific factors may disqualify some or all of the nsk-based 
PPRGs should these factors preclude one or more of  the exposure pathways whch formed the 
basis of  the nsk-based equatlons For example, the nsk-based PPRGs for the ground water 
media may not be applicable at OUs where the ground water is not of  sufficient quantity or 
quality to support domestlc residential use Also, residential use nsk-based PPRGs may not be 
appropnate for areas where the future land use will be solely devoted to commercial and/or 
industnal facilities 

As stated early, the programmauc nsk-based PRGs presented in Table 26 are not 
mended to be the frnal cleanup standards listed ln the ROD Other factors such as, but not 
lmited to, background ContamrnaJlt concentrations, results of the OU-specific BRA, technology 
lunitations, detection methods, chemcal-specific ARARs, cost-benefit evaluations, worker 
safety, and ecological effects wlll need to be considered when establlshmg the final cleanup 
standards The nsk-based PPRGs are to be used as a standardlzed set of  lmits to enable 
screewg of potentlal remedial technologies and alternauves As additional mformation is 
obtamed through the RFURI and CMS/FS processes, it may be d e t e m e d  that the nsk-based 
PPRGs are not representatwe of the actual nsk posed by the contammation at the OU I f  this 
situation occurs, the requlred changes will be mcorporated as soon as possible dunng the 
Development and Screewg of Alternatives or Detaded Analysis of Alternatives 
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